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PROBLEM AREAS
Conclusions
1.
This
year
s a
sse
ssm
ent
of
pro
ble
m a
reas
is m
ore
com
pre
hen
siv
e t
han
in previous years.
effort to identify problems.
This improvement can be attributed to an increased
The problem area definition presented in
thi
s a
ppe
ndi
x h
as
lea
d t
o a
mor
e c
ons
ist
ant
ide
nti
fic
ati
on
of
pro
ble
m
areas between the respective jurisdictions.
Additional effort is
nee
ded
how
eve
r
in
mon
ito
rin
g a
nd
ass
ess
ing
pro
ble
m a
rea
s b
y a
ll
lev
els
of Governments in the future.
2.
A g
ene
ral
eva
lua
tio
n o
f p
rob
lem
are
as
by
lak
e s
how
s:
a)
Lak
e S
upe
rio
r —
Ele
ven
pro
ble
m a
rea
s w
ere
rep
ort
ed.
met
als
in
the
sed
ime
nts
and
tac
oni
te
tai
lin
gs
are
the
principle problems affecting water quality.
Heavy
b)
Lak
e M
ich
iga
n —
Fiv
e p
rob
lem
are
as
wer
e r
epo
rte
d.
Nut
rie
nt
enrichment is the major concern.
c)
Lak
e H
uro
n —
Eig
ht
pro
ble
m a
rea
s w
ere
rep
ort
ed.
The
pri
nci
ple
concern is nutrient enrichment.
d)
Lak
e E
rie
— T
wen
ty-
fou
r
pro
ble
m
are
as
wer
e
rep
ort
ed.
The
se
pro
ble
ms
wer
e r
ela
ted
to
tox
ic
sub
sta
nce
s,
bac
ter
ia,
nut
rie
nt
enrichment and anoxia.
e)
Lak
e O
nta
rio
- F
ift
een
pro
ble
m a
rea
s
wer
e r
epo
rte
d.
Pro
ble
ms
ste
m p
rim
ari
ly
fro
m n
utr
ien
t
enr
ich
men
t
and
bac
ter
ial
con
tam
—
ination.
3.
The
fol
low
ing
are
as
are
of
gre
ate
st
con
cer
n b
eca
use
of
the
ext
ent
or severity of violation:
a)
b)
c)
Thu
nde
r B
ay
— E
xte
nsi
ve
vio
lat
ion
s
of
the
mic
rob
iol
ogy
obj
ect
—
ive
s,
the
occ
urr
anc
e
of
low
oxy
gen
lev
els
in
the
inn
er
har
bor
and
the
inc
ide
nce
of
mer
cur
y
in
lar
ge
fat
ty
lak
e
tro
ut
continue as problems.
Sil
ver
Bay
- T
he
dis
cha
rge
of
tac
oni
te
tai
lin
gs
fro
m R
ese
rve
Mi
ni
ng
Co
mp
an
y
is
co
nt
ri
bu
ti
ng
to
an
in
cr
ea
se
in
tu
rb
id
it
y
and
as
be
st
os
fi
bur
es
in
La
ke
Sup
eri
or,
pa
rt
ic
ul
ar
ly
in
the
ar
ea
southwest of Silver Bay.
Du
lu
th
-S
up
er
io
r
Ha
rb
or
—
St
an
da
rd
s
for
di
ss
ol
ve
d
oxy
gen
,
fec
al
col
ifo
rms
,
phe
nol
s
and
cop
per
are
vio
lat
ed.
Lev
els
of
nut
rie
nts
in
the
ha
rb
or
are
ge
ne
ra
ll
y
abo
ve
lev
els
ne
ce
ss
ar
y
for
the
development of algal blooms.
 
 d)
e)
f)
g)
h)
i)
j)
k)
1)
Green Bay — Dissolved oxygen in the vicinity of the Fox River
averages 2.78 mg/l with a minimum value reported as zero. High
levels of Suspended solids and phosphorus are also reported. PCB
contamination of fish was cited and suggested to be indicative of
a whole lake problem.
Milwaukee Harbor — Dissolved oxygen in the harbor is generally
less than 3 mg/l. Five of eleven fecal coliform samples exceeded
the interim standards of lOOO/lOO ml.
Saginaw Bay — Problems include enrichment (excessive nutrients
and phytoplankton levels) presence of PCB's and other organic
compounds in fish, polluted sediments and taste and odor in water
supplies. Because of the short detention time, the bay can be
expected to improve with remedial programs to reduce phosphorus
loadings.
St. Marys River — Unacceptable levels of phenolic substances,
ammonia and cyanide are found in the receiving waters below Algoma
Steel discharges. Bacterial counts in excess of Agreement objectives
occur downstream of the Sault St. Marie, Ontario, collector system
overflows and below the municipal STP outfall.
Detroit River — Fecal and total coliforms levels are exceeded in
the Detroit, Windsor and Amherstburg areas. Phenols and total iron
violations also exist.
Ashtabula River — The primary concern in Ashtabula Harbor is the
chemical pollution caused by Fields Brook industrial complex.
Dis
sol
ved
soli
ds,
feca
l c
olif
orm,
dis
sol
ved
oxyg
en
and
chl
ori
de
violations have been detected.
Cleveland Area — Water quality in Cleveland Harbor is degraded as
a re
sul
t o
f t
he
dis
cha
rge
of
the
Cuy
aho
ga
Rive
r.
Mea
sur
eme
nts
in
the river indicate problems with dissolved oxygen, ammonia,
dissolved solids, zinc, copper, phenols, cyanide and thermal
inputs.
Niagara River (Upper Niagara River, Tonawanda Channel and Lower
Nia
gar
a R
iver
) —
Ind
ust
ria
l a
nd
mun
ici
pal
dis
cha
rge
s i
n t
he
rive
r
have
res
ult
ed
in
pro
ble
ms
of
phe
nol
and
bac
ter
ial
con
tam
ina
tio
n.
Phosphorus loading and discoloration of the water was also evident.
Tor
ont
o H
arb
our
and
Wat
erf
ron
t -
Una
cce
pta
ble
tota
l a
nd
feca
l
col
ifo
rm
cou
nts
are
foun
d i
n t
he
har
bou
r a
nd
alo
ng
the
wes
ter
n
beac
hes.
Ove
rfl
ow
from
the
int
erc
ept
or
is
a p
rin
cip
le
sour
ce
of
contamination.
 m)
Hamilton
Harbour
—
Coliform
levels
along
theﬂsouth
shore
of
the
harbour exceed the IJC objective.
Decreased
oxygen
levels
reSult
from
oxygen
consuming
discharges,
sediment
oxygen
demand
and
phyto—
plankton decay.
4.
Improvements
in
water
quality
conditions
were
detected
in
several
areas,
the most
significant
of which
include:
a)
b)
c)
d)
e)
f)
g)
h)
i)
Indiana
Harbor
—
Downward
trends
were
noted
for
coliforms,
oil,
phenol,
dissolved
iron
and
cyanide.
St.
Marys
River
— general
improvement
in
water
quality
especially in phenol concentrations.
Saginaw
Bay
—
50%
improvement
in
chloride
concentrations
noted
from
1965
—
1974/75.
Decreases
in
concentrations
noted
in
major
ions
(Calcium,
Magnesium,
Sodium
and
Potassium).
Serpent
Harbor
—
Levels
of
radium
have
been
decreasing
since
1966.
Lake
St.
Clair
and Western Lake
Erie — Mercury
levels
in
fishes
continue
to decline
and while
generally
remaining
above
the
guideline
in
important
species
in
Lake
St.
Clair,
Walleye
fishery
in Western
Lake Erie has been
féopened.
Detroit
River — The general
trend of
chloride reduction
continues.
Substantial
improvement in pH was
noted
in
1975 over 1974.
Toronto Harbour and Waterfront
- Fewer
eutrophic
conditions
where observed
in 1975
as
indicated by decreases
in
chlorophyll a
and tubificid worm densities.
Niagara
River — A substantial reduction
in phenols was observed
in the Buffalo region but remain above the standard.
Lake Ontario
— A
trend toward
reduced
phosphorus
loadings
to
Lake Ontario was noted.
5.
Water quality conditions in the open waters of Lake Erie continue to
pose a problem.
became anoxic.
In 1975 only 4% of the hypolimnion in the central basin
This was a result of unuSually calm and warm meteorological
conditions in the spring which allowed a large hypolimnion to be formed.
As
a result,
38% less soluble
reactive phosphorus
regeneration occurred.
However,
these changes do not necessarily represent improvements because
the rate of oxygen depletion remained the same.
Total phosphorus and
chlorophyll concentrations showed marked increases in 1975.
 In
th
e
ea
st
er
n
ba
si
n
no
ch
an
ge
s
in
le
ve
ls
of
ch
lo
ro
ph
yl
l
a,
to
ta
l
ph
os
ph
or
us
or
di
ss
ol
ve
d
ox
yg
en
we
re
fo
un
d.
In
th
e
we
st
er
n
ba
si
n
in
cr
ea
se
s
we
re
ap
pa
re
nt
in
bo
th
vo
lu
me
we
ig
ht
ed
me
an
s
of
ch
lo
ro
ph
yl
l
a,
an
d
to
ta
l
ph
os
ph
or
us
.
Ho
we
ve
r,
ph
yt
op
la
nk
to
n
bi
om
as
s
me
as
ur
ed
at
Un
io
n
(K
in
gs
vi
ll
e)
Wa
te
r
in
ta
ke
on
th
e
On
ta
ri
o
sh
or
el
in
e
of
th
e
ba
si
n
sh
ow
ed
a
co
nt
in
ue
d
de
cr
ea
si
ng
tr
en
d
wh
ic
h
ha
s
be
en
ob
se
rv
ed
si
nc
e
19
67
.
6.
Wi
th
in
th
e
li
mi
ts
of
av
ai
la
bl
e
tr
en
d
da
ta
,
re
si
du
es
of
PC
Bs
do
no
t
ap
pe
ar
to
be
de
cl
in
in
g
in
Gr
ea
t
La
ke
s
fi
sh
es
.
Co
nc
en
tr
at
io
ns
ex
ce
ed
ed
go
ve
rn
me
nt
gu
id
el
in
es
in
so
me
sp
ec
ie
s
in
al
l
of
th
e
Gr
ea
t
La
ke
s.
Co
nc
en
—
tr
at
io
ns
of
DD
T
ar
e
wi
th
in
th
e
gu
id
el
in
es
fo
r
al
l
sp
ec
ie
s
in
La
ke
s
Hu
ro
n,
St
.
Cl
ai
r,
Er
ie
an
d
On
ta
ri
o
bu
t
ex
ce
ed
ed
it
in
la
rg
e
la
ke
tr
ou
t
in
La
ke
s
Mi
ch
ig
an
an
d
Su
pe
ri
or
.
Al
th
ou
gh
di
el
dr
in
co
nc
en
tr
at
io
ns
in
Gr
ea
t
La
ke
s
fi
sh
es
ar
e
no
t
in
vi
ol
at
io
n
of
th
e
gu
id
el
in
es
th
er
e
is
no
in
di
ca
ti
on
of
a
do
wn
wa
rd
tr
en
d.
Me
rc
ur
y
re
si
du
es
in
La
ke
St
.
Cl
ai
r
fi
sh
es
co
nt
in
ue
d
to
de
cl
in
e
bu
t
re
ma
in
ab
ov
e
th
e
gu
id
el
in
e
in
im
po
rt
an
t
sp
ec
ie
s.
Tr
en
ds
in
th
e
ot
he
r
Gr
ea
t
La
ke
s
ar
e
no
t
so
cl
ea
r
an
d
le
ve
ls
in
so
me
sp
ec
ie
s
in
al
l
lakes exceeded the guideline.
7.
St
ud
ie
s
in
19
75
re
ve
al
ed
al
mo
st
to
ta
l
re
pr
od
uc
ti
ve
fa
il
ur
e
of
so
me
he
rr
in
g
gu
ll
co
lo
ni
es
in
La
ke
On
ta
ri
o
in
co
nt
ra
st
to
th
e
re
po
rt
ed
ne
ar
no
rm
al
re
pr
od
uc
ti
ve
su
cc
es
s
in
ot
he
r
Gr
ea
t
La
ke
co
lo
ni
es
.
Th
e
eg
gs
of
th
e
La
ke
On
ta
ri
o
gu
ll
s
co
nt
ai
n
so
me
of
th
e
hi
gh
es
t
or
ga
no
ch
lo
ri
ne
re
si
du
e
bu
rd
en
s
re
po
rt
ed
in
an
y
bi
ol
og
ic
al
sy
st
em
.
Th
e
ad
ul
t
gu
ll
s
we
re
fo
un
d
to
co
nt
ai
n
fi
ft
ee
n
or
ga
no
ch
lo
ri
ne
co
mp
ou
nd
s
an
d
fo
ur
te
en
po
ly
nu
cl
ea
r
ar
om
at
ic
co
mp
ou
nd
s
in
th
ei
r
fa
tt
y
ti
ss
ue
s.
Of
th
e
or
ga
no
ch
lo
ri
ne
s
fo
un
d,
PC
Bs
we
re
ev
id
en
t
in
hi
gh
es
t
co
nc
en
tr
at
io
n
fo
ll
ow
ed
by
DD
T
an
d
it
s
me
ta
bo
li
te
s.
Mi
re
x,
wh
ic
h
ha
s
re
ce
nt
ly
be
en
re
co
gn
iz
ed
as
a
co
nt
am
in
an
t
in
La
ke
On
ta
ri
o
fi
sh
,
ap
pr
oa
ch
ed
th
e
co
nc
en
tr
at
io
n
of
DD
T.
8.
Th
e
ol
ig
ot
ro
ph
ic
wa
te
rs
of
La
ke
Su
pe
ri
or
do
no
t
ge
ne
ra
ll
y
su
pp
or
t
Cl
ad
op
ho
ra
gr
ow
th
s
ex
ce
pt
fo
r
mi
no
r
oc
cu
rr
en
ce
s
in
th
e
vi
ci
ni
ty
of
As
hl
an
d,
Wi
sc
on
si
n
an
d
Th
un
de
r
Ba
y,
On
ta
ri
o.
No
at
te
mp
t
ap
pe
ar
s
to
ha
ve
be
en
ma
de
to
ob
ta
in
in
fo
rm
at
io
n
of
th
e
di
st
ri
bu
ti
on
in
La
ke
Mi
ch
ig
an
,
ho
we
ve
r,
gr
ow
th
ar
ea
s
ha
ve
be
en
re
po
rt
ed
in
lo
we
r
Gr
ee
n
Ba
y.
En
ri
ch
me
nt
fr
om
Sa
gi
na
w
Ba
y
pr
ov
id
es
lu
xu
ri
ou
s
gr
ow
th
s
in
La
ke
Hu
ro
n
on
th
e
sh
or
el
in
e
ar
ou
nd
th
e
Th
um
b
an
d
so
ut
h
to
Ha
rb
or
Be
ac
h,
Mi
ch
ig
an
.
Th
e
Is
la
nd
s
ar
ea
s
of
We
st
er
n
La
ke
Er
ie
an
d
th
e
ea
st
er
n
ba
si
n
co
nt
ai
n
su
it
ab
le
su
bs
tr
at
e
on
wh
ic
h
lu
xu
ri
an
t
be
ds
of
Cl
ad
op
ho
ra
ar
e
fo
un
d.
Of
41
5
mi
le
s
of
La
ke
On
ta
ri
o
sh
or
el
in
e
ob
se
rv
ed
by
re
mo
te
se
ns
in
g
25
4
mi
le
s
ha
d
an
ac
cu
mu
la
ti
on
of
10
—3
0
pe
rc
en
t
Cl
ad
op
ho
ra
bi
om
as
s
co
ve
r.
Recommendations
1.
It
is
re
co
mm
en
de
d
th
at
pr
ob
le
m
ar
ea
su
rv
ei
ll
an
ce
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cr
ea
se
d
to
al
lo
w
a
mo
re
th
or
ou
gh
ev
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ua
ti
on
of
th
ei
r
im
pa
ct
on
Gr
ea
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La
ke
s
wa
te
r
qu
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In
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ea
se
d
em
ph
as
is
is
of
pa
rt
ic
ul
ar
co
nc
er
n
in
th
e
Un
it
ed
St
at
es
.
I
I
,
 2.
The
preservation
of
Great
Lakes
water
quality
is
the
responsibility
of
all
levels
of
government.
It
is
recommended
that
U.S.
and
Canadian
federal
agencies
engaged
in
Great
Lakes
water
quality
monitoring
should
provide
increased
effort
in
assessing
problem
areas.
3.
The
interactions
of
phosphorus
loading,
hypolimnetic
volume,
phytoplankton
growth
and
decomposition
and
oxygen
depletion
rates
need
to
be
rigorously
analyzed
to
provide
a
complete
picture
of
the
anoxic
process
in
the
central
basin
in
Lake
Erie.
Special
studies
are
needed
to
compile,
review
and
analyze
historical
information
to
determine
correlations
between
the
important
factors
leading
to
anoxia.
DETAILED
ASSESSMENT
OF
THE
NIAGARA
RIVER,
LAKE
ONTARIO
AND ST. LAWRENCE RIVER
Conclusions
1.
Total
and
soluble
reactive
phosphorus
content
in
both
the
open
lake
and
nearshore
waters
have
remained
relatively
stable
since
1967.
Total
phosphorus
levels
near
urban
centres
are
higher
than
in
the
open
lake
or
along
relatively
undeveloped
shoreline
areas
with
the
Toronto
area showing the highest level.
There
has
been
an
estimated
20
percent
increase
in
the
inorganic
nitrogen
content
of
open
lake
waters
since
1968
which
parallels
the
increase
in
nitrogen
loadings
to
the
lake.
2.
The
lake's
biotic
structure
has,
over
the
period
of
record,
under-
gone
increases
in
biomass;
changes
in
species
composition;
a
trend
to
more
marked
seasonality
and
instability;
and
increases
in
the
occurrence
of
phytoplankton
species
associated
with
bloom
conditions
and
taste
and
odor
problems.
No
trend
in
phytoplankton
biomass
concentrations
is
apparent
since
1968
due
to
the
limited
available
data
and
its
variability.
However
by
comparison,
the
Lake
Ontario
phytoplankton
biomass
is
presently
10—20
times
lower
than
that
of
Lake
Erie's
eutrophic
western
basin.
3.
Low
oxygen
levels
in
Lake
Ontario
have
periodically
been
found
in
the
bottom
waters
of
Adolphus
Reach
(the
outlet
of
the
Bay
of
Quinte)
and
nearshore
areas
such
as
Hamilton
Harbor.
The
low
oxygen
levels
in
embayments
serve
to
accent
the
potential
for
future
problems
in
the
open
waters.
4.
The
dissolved
solids
objective
of
200
mg/l
is
exceeded
throughout
the
lake.
The
concentrations
in
the
lake
have
stabilized
since
1970-71
in
response
to
greater
outflow
of
the
St.
Lawrence
River.
The
objective
cannot
reasonably
be
achieved
without
substantial
reductions
of
inputs
from Lake Erie.
 5.
Lev
els
of
col
ifo
rm
bac
ter
ia
hav
e b
een
imp
rov
ing
alo
ng
man
y n
ort
h
shor
e be
ache
s si
nce
1972
with
only
two
loca
tion
s in
the
Toro
nto
area
fai
lin
g t
o m
eet
wat
er
qua
lit
y o
bjec
tive
s.
Alo
ng
the
sou
th
shor
e,
the
pub
lic
bea
che
s i
n t
he
Roc
hes
ter
emb
aym
ent
hav
e
bee
ncl
osed
sinc
e 1
967
due
to
the
hig
h c
oli
for
m l
oad
ing
fro
m t
he
Gen
ese
e R
ive
r.
Ina
deq
uat
e
mun
ici
pal
tre
atm
ent
alo
ng
the
Uni
ted
Sta
tes
sho
rel
ine
of
the
Nia
gar
a
Riv
er
is
of
maj
or
con
cer
n f
or
the
nea
rsh
ore
lak
e a
rea
fro
m t
he
mou
th
of
the Niagara River to Eighteen Mile Creek.
6.
Con
tam
ina
tio
n o
f s
ome
fis
h s
pec
ies
by
PCB
s a
nd
mer
cur
y i
s a
ser
iou
s p
rob
lem
.
Con
cen
tra
tio
ns
of
PCB
s i
n s
ome
sal
mon
ids
, A
mer
ica
n
eel
and
som
e o
the
r s
pec
ies
exc
eed
the
Can
adi
an
gov
ern
men
t g
uid
eli
ne
of 2 mg/kg.
7.
Nut
rie
nt
lev
els
alo
ng
wit
h t
he
nor
mal
ly
occ
urr
ing
con
dit
ion
s o
f w
ate
r
mov
eme
nt,
tem
per
atu
re,
lig
ht
and
alk
ali
nit
y i
n t
he
lak
e a
re
suc
h t
hat
Cla
dop
hor
a g
row
th
occ
urs
whe
rev
er
sui
tab
le
sub
str
ate
exis
ts.
Rec
ent
hig
h w
ate
r l
eve
ls
hav
e c
ont
rib
ute
d t
o r
edu
cti
ons
bot
h i
n b
iom
ass
and
in
problems of shoreline accumulation of this algae.
8.
Ana
lys
is
of
pre
sen
t a
nd
his
tor
ic
nut
rie
nt
load
s t
o t
he
Lake
Ont
ari
o
system revealed:
a)
No
cle
ar
tre
nds
in
inp
ut
loa
ds
fro
m L
ake
Eri
e t
o t
he
Nia
gar
a
River over the period 1967 to 1974.
b)
The
re
is
a t
rend
towa
rds
lowe
r p
hos
pho
rus
load
s t
o t
he
lake
fro
m t
he
Nia
gar
a R
ive
r r
esu
lti
ng
fro
m r
edu
cti
ons
in
mun
ici
pal
inputs.
c)
Mun
ici
pal
and
ind
ust
ria
l t
otal
pho
sph
oru
s l
oads
to
the
ent
ire
Lak
e O
nta
rio
bas
in
show
a s
ign
ifi
can
t d
ecl
ine
sin
ce
1971
.
Tota
l
nit
rog
en
loa
ds,
how
eve
r,
hav
e g
row
n s
tea
dil
y f
rom
196
7 t
o
1974.
d)
The
pre
sen
t (
1974
) t
otal
pho
sph
oru
s l
oad
is
est
ima
ted
to b
e
13,
700
ton
s/y
ear
(75
,00
0 l
bs/
day
).
Thi
s c
omp
are
s t
o 1
0,0
00
tons/year (55,000 lbs/day) specified by the Water Quality
Agr
eem
ent
mas
s l
oad
ing
rate
goal
.
It
is
est
ima
ted
that
the
1 mg
/l
eff
lue
nt
req
uir
eme
nt
for
all
mun
ici
pal
iti
es
wil
l r
esu
lt
in a 8,400 ton/year (46,000 lbs/day) loading rate.
9.
An
ana
lys
is
usi
ng
the
mat
hem
ati
cal
mod
el
of
phy
top
lan
kto
n
(La
ke
1)
sho
ws
tha
t t
her
e i
s s
ome
unc
ert
ain
ty
tha
t p
res
ent
pea
k c
hlo
rop
hyl
l l
eve
ls
wil
l b
e m
ain
tai
ned
unde
r t
he
Wat
er
Qua
lit
y Ag
ree
men
t l
oad
red
uct
ion
s.
If
thi
s i
s t
he
cas
e,
bas
ed
on
our
pre
sen
t k
now
led
ge
of
the
Lak
e O
nta
rio
bio
-ch
emi
cal
sys
tem
,
sub
sta
nti
al
add
iti
ona
l l
oad
red
uct
ion
mus
t b
e
acc
omp
lis
hed
in
the
nex
t t
en
yea
rs
to
mai
nta
in
pre
sen
t b
iom
ass
lev
els
.
 Recommendations
1.
The
jurisdictions
through
the
Remedial
Programs
Subcommittee
should
review
the
above
conclusions
and
consider
their
implications
on
current
programs
and
any
modifications
that
may
be
required
to
achieve
the
necessary
load
reductions
and
trophic
state.
2.
Surveillance
of
the
trophic
and
nutrient
levels
of
Lake
Ontario
should
be
continued.
Increased
efforts
should
be
made
to
improve
nutrient
load
estimates
particularly
from
the
connecting
channels.
An
increased
effort
must
be
made
to
improve
our
understanding
of
cause—effect
relationships
and
their
application
to
the
refinement
of
mathematical
models.
3.
A
continuing
evaluation
of
proposed
lake
models
should
be
made
to
insure
that
the
most
relevant
and
accurate
application
can
be
brought
to
bear
on
the
evaluation
of
the
effects
of
load
reductions
in
the
Great
Lakes.
4.
The
Research
Advisory
Board
should
consider
research
into
chemical
and
biological
kinetics
in
Lake
Ontario
especially
those
related
to
the
dynamics
of
phosphorus
in
the
system.
Studies
in
support
of
surveillance
for
the
development
of
enhanced
surveillance
techniques
in
the
evaluation
of
water
quality
and
the
identification
of
new
issues
should
be
encouraged
and supported.
GREAT
LAKES
SURVEILLANCE
PROGRAMS
Conclusions
1.
The
surveillance
design
presented
in
summary
in
this
appendix
resulted
from
deliberations
of
the
Surveillance
Subcommittee
with
advice
of
representatives
from
the
academic
and
research
communities;
and
other
IJC
boards,
reference
groups,
and
subcommittees
obtained
via
an
IJC
sponsored
Symposium
on
Great
Lakes
Surveillance.
The
general
design
forms
the
framework
for
implementing
surveillance
activities.
This
framework
remains
as
an
evolving
document
which
will
be
altered
from
time
to
time
as
data
are
collected
and
analyzed,
and
as
water
quality
issues
change.
The
program
design
coordinates
the
activities
of
the
participating
agencies
so
as
to
maximize
the
use
of
available
resourcesby
avoiding
duplication
and
ensuring
compatable
information.
This
coordinated
program
will
keep
the
requirements
for
new
resources
to
a
minimum.
 2.
Be
ca
us
e
of
ec
on
om
ic
co
nd
it
io
ns
in
bo
th
cou
ntr
ies
,
on
go
in
g
su
rv
ei
ll
an
ce
ac
ti
vi
ti
es
in
197
5
we
re
cu
rt
ai
le
d
and
im
pl
em
en
ta
ti
on
of
ne
w
su
rv
ei
ll
an
ce
pa
rt
ic
ul
ar
ly
for
the
Un
it
ed
Sta
tes
ne
ar
sh
or
e
and
pr
ob
le
m
ar
ea
s
was
not
acc
omp
lis
hed
wit
h
the
exc
ept
ion
of
wor
k d
one
for
Upp
er
Lak
es
Ref
ere
nce
Gro
up
and
Pol
lut
ion
fro
m L
and
Use
Act
ivi
tie
s
Ref
ere
nce
Gro
up.
In
add
iti
on,
ju
ri
sd
ic
ti
on
s,
pa
rt
ic
ul
ar
ly
in
the
Un
it
ed
Sta
tes
,
we
re
not
ab
le
to
ad
eq
ua
te
ly
pr
ov
id
e
the
in
fo
rm
at
io
n
and
an
al
ys
is
for
the
Wa
te
r
Qu
al
it
y
Bo
ar
d
an
nu
al
as
se
ss
me
nt
as
re
co
mm
en
de
d
be
do
ne
by
the
IJC
in
197
4.
3.
In
re
sp
on
se
to
ea
rl
ie
r
re
co
mm
en
da
ti
on
s
of
the
Boa
rd
and
the
Co
mm
is
si
on
,
im
pl
em
en
ta
ti
on
of
da
ta
ma
na
ge
me
nt
,
st
or
ag
e
and
re
tr
ie
va
l
sys
te
ms
and
ex
ch
an
ge
of
da
ta
was
in
it
ia
te
d
in
197
5.
Ho
we
ve
r,
co
ns
id
er
ab
ly
mo
re
ef
fo
rt
re
ma
in
s
for
the
ju
ri
sd
ic
ti
on
s
to
ma
in
ta
in
and
fur
th
er
de
ve
lo
p
thi
s
eff
ort
.
4.
Th
e
ad
eq
ua
cy
of
da
ta
qu
al
it
y
co
nt
ro
l
in
cl
ud
in
g
sa
mp
li
ng
,
an
al
ys
is
,
and
ma
na
ge
me
nt
is
a
ch
ro
ni
c
pr
ob
le
m
whi
ch,
as
ou
tl
in
ed
in
the
su
rv
ei
ll
an
ce
des
ign
,
sho
uld
be
re
ct
if
ie
d
by
ea
ch
la
bo
ra
to
ry
pa
rt
ic
ul
ar
ly
th
ro
ugh
a
co
or
di
na
ti
ng
an
d
di
re
ct
iv
e
ro
le
of
th
e
Da
ta
Qu
al
it
y
Su
bc
om
mi
tt
ee
.
5.
Wi
th
the
ex
ce
pt
io
n
of
DD
T
in
La
ke
Mi
ch
ig
an
and
me
rc
ur
y
in
La
ke
St.
Cla
ir
fis
hes
,
the
ex
is
ti
ng
in
fo
rm
at
io
n
on
co
nt
am
in
an
ts
in
Gr
ea
t'
La
ke
s
fis
h
and
wi
ld
li
fe
is
in
ad
eq
ua
te
fo
r
tr
en
d
an
al
ys
is
.
6.
Cu
rr
en
t
in
fo
rm
at
io
n
is
no
t
su
ff
ic
ie
nt
to
ac
cu
ra
te
ly
de
sc
ri
be
th
e
di
st
ri
bu
ti
on
an
d
ab
un
da
nc
e
of
Cl
ad
op
ho
ra
in
th
e
Gr
ea
t
La
ke
s.
Recommendations
1.
It
is
re
co
mm
en
de
d
th
at
th
e
Gr
ea
t
La
ke
s
Su
rv
ei
ll
an
ce
de
si
gn
be
us
ed
by
the
fu
nd
in
g
ag
en
ci
es
in
im
pl
em
en
ti
ng
the
ir
de
ta
il
ed
su
rv
ei
ll
an
ce
pr
og
ra
ms
.
Do
cu
me
nt
ed
su
rv
ei
ll
an
ce
ag
re
em
en
ts
,
si
mi
la
r
to
th
e
Ca
na
da
--
On
ta
ri
o
Ag
re
em
en
t
ar
e
ne
ed
ed
in
th
e
Un
it
ed
St
at
es
to
as
su
re
th
e
su
cc
es
s
of the programs.
2.
It
is
re
co
mm
en
de
d
th
at
fo
ll
ow
—u
p
wo
rk
sh
op
me
et
in
gs
be
he
ld
fo
r
ea
ch
of
th
e
Gr
ea
t
La
ke
s
to
in
su
re
th
at
th
e
ag
re
ed
pr
og
ra
ms
ar
e
be
in
g
im
pl
em
en
te
d
by
th
e
re
sp
on
si
bl
e
ag
en
ci
es
ac
co
rd
in
g
to
th
e
pr
io
ri
ti
es
es
ta
bl
is
he
d
by
the Water Quality Board.
3.
Ad
di
ti
on
al
su
pp
or
t
fr
om
th
e
Re
gi
on
al
Of
fi
ce
sh
ou
ld
be
pr
ov
id
ed
to
th
e
Su
rv
ei
ll
an
ce
Su
bc
om
mi
tt
ee
to
co
or
di
na
te
an
d
co
ns
ol
id
at
e
th
e
su
rv
ei
ll
an
ce
pl
an
as
a
pu
bl
is
he
d
do
cu
me
nt
to
be
up
da
te
d
an
nu
al
ly
an
d
di
st
ri
bu
te
d
to
th
e
Gr
ea
t
La
ke
s
su
rv
ei
ll
an
ce
co
mm
un
it
y.
4.
It
is
re
co
mm
en
de
d
th
at
go
ve
rn
me
nt
s
su
pp
or
t
a
su
rv
ei
ll
an
ce
pr
og
ra
m
fo
r
pe
rs
is
te
nt
co
nt
am
in
an
ts
in
fi
sh
an
d
wi
ld
li
fe
.
5.
Re
mo
te
se
ns
in
g
te
ch
no
lo
gy
sh
ou
ld
be
de
ve
lo
pe
d
in
to
a
pr
ac
ti
ca
l
to
ol
an
d
th
e
sh
or
el
in
es
of
th
e
Gr
ea
t
La
ke
s
sc
an
ne
d
to
pr
ov
id
e
a
pe
rm
an
en
t
re
co
rd
of
th
e
cu
rr
en
t
st
at
us
of
Cl
ad
op
ho
ra
in
th
e
Gr
ea
t
La
ke
s.
 ﬂPHﬂBlEM um ASSESSMle
INTRODUCTION
Problem areas were defined in 1974 as "...geographical locations
where the water quality objectives, as set forth by the Agreement, are
not being met...The cause of water quality degradation can often be
attributed to some significant dischargers." Implicit in this definition
are two purposes for identifying a location as a problem area: 1. to
identify and measure those parameters which do not meet water quality
objectives, and 2. to apply specific remedial measures to restore water
quality in problem areas.
In this year's report problem areas have beenfurther defined (see
Figure 1:1) generally as geographical locations where one or more water
quality parameters exceed IJC objectives and/or jurisdictiOnal standards.
"Short Term Problems" are defined as violations of water quality parameters
which can respond to short term abatement programs (e.g. cyanide from an
industrial source). Parameters for which abatement technology and/or
legislative controls are not currently availableare defined as "Long
Term Problems". Reduction of nutrient inputs from agricultural drainage
and atmospheric loadings fits this category. Long term and short term
problems may exist concurrently in a defined problem.
The definitions presented above do not attempt to distinguish the
relative magnitude of a parameter violation nor the extent of area it effects.
The impact of a water quality parameter on the Great Lakes depends on
both the volume of water not in compliance and the degree to which the
parameter exceeds the objective or standard. The effect of the Saginaw
Bay or Toronto Harbour and waterfront is obviously more significant to
Great Lakes water quality as a whole than the impact of discharges to
the smaller Penetang Bay problem area. Similary, PCB contamination of i
fish is economically and environmentally more significant than a periodic
violation of the total coliform objective resulting from a small tributary
input in a forest region of Lake Superior.
 FI
GU
RE
1:1
.
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ID
EL
IN
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TE
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GE
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EA
S
W
H
O
L
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N
O
T
M
E
E
T
I
N
G
P
R
O
B
L
E
M
S
WATER QUALITY OBJECTIVES
 
MIX
ING
ZO
NE
S
PR
OB
LE
M A
RE
AS
NA
TU
RA
L
AR
EA
S
  
EXPLANATION OF TERMS
MIXING ZONES — As per Agreement.
NATURAL AREAS — These are areas that do not meet IJC water quality
objectives due to natural conditions.
PROBLEM AREAS — These are general geographical locations where water
quality objectives and/or standards are not being
met. The water quality in these locations can be
improved through remedial measures.
A discussion of each Problem Area should contain a
list of the problems (objectives or standards not
being met), and an assessment of whether they are:
a) Short Term Problems. Refer to parameters
identified within a problem area which can be
improved through short term abatement programs.
or
b) Long Term Problems. Refer to parameters identified
within a problem area which are expected to be
improved through long term abatement programs. These
are problems for which technological and/or legal
remedial measures may not be currently available.
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In many instances, it was not possible to adequately evaluate the
extent of area affected or to determine the frequency of violations.
Insufficient funding of near shore surveillance programs, particularly in
the U.S., limited Great Lakes monitoring efforts and made it necessary
to rely heavily on tributary water quality monitoring programs when
identifying problem areas.
Where a tributary inflow caused water quality to violate IJC
objectives or jurisdictional standards, or was suspected to cause a
violation, it was included in the problem area listing. Other tributaries
which did not cause immediate localized water quality degradation but
contributed significantly to contaminant loadings such as nutrients were
identified in last year's Appendix B listing of "Significant Tributaries".
Evaluation of recent trends within problem areas could not occur
in several instances because no data were available.
In such cases identification was based on industrial discharge
records and on Visual observations.
GREAT LAKES PROBLEM AREAS
 
Tables l:l through 1:5 present the problem areas of the Great Lakes
and connecting channels identified for 1975. An assessment of the
significant dischargers within these problem areas is contained in
Appendix C, the Remedial Program Subcommittee's report. Except for
connecting channels, problem areas identified with rivers refer to areas in
the boundary waters at the mouth of the river.
ll
 Figure 1:2 Reference Map of Lake Superior
 
 TABLE 1:1
PROB
LEM
AREA
S —
LAKE
SUPE
RIOR
PR
OB
LE
M
AR
EA
OB
JE
CT
IV
E
OR
STA
NDA
RD
VIO
LAT
ED
DES
IGN
ATI
ON
EVI
DEN
CE
OF
NON
—CO
MPL
IAN
CE
REM
ARK
S
DATA
SO
UR
CE
l
3
  
Marathon-
Peni
nsul
a
Har
bou
r
Jac
kfi
sh
Bay
Nipig
on Ba
y
  
PCB
s i
n f
ish
(H &
w —
2 mg
/kg)
Merc
ury
in f
ish
(H & W — 0.5 mg/kg)
Phe
nol
s (
IJC
—Su
bst
ant
ial
ly
ab
se
nt
)
Toxi
c su
bsta
nces
Taste
& Odou
r
(fi
sh
tai
nti
ng)
(IJC
—sub
stan
tial
ly a
bsen
t
Merc
ury
in F
ish
(H & W — 0.5 mg/kg)
)
 
Long term
Long
term
Sho
rt
ter
m
Long
term
Short
term
Lon
g
ter
m
 
Mean
of A
Whit
efis
h co
mpos
ite/
samp
les
is 3.6
mg/kg.
In
Whi
tef
ish
, 7
5 p
erc
ent
of
fou
r
com
pos
ite
sam
ple
s (
each
sam
ple
con
sis
ts
of
5 f
ish
fle
sh)
con
tai
ned
mea
n l
eve
ls
of
0.7
6 m
g/k
g.
In
lak
e t
rou
t 8
0 p
er—
cen
t o
f 1
0 c
omp
osi
te
sam
ple
s c
ont
ain
ed
0.7
0 m
g H
g/kg
.
Mea
n p
hen
ol
lev
els
ran
ged
fro
m 6
0 u
g/l
at
0.5
km
to
4 i
g/l
at
a d
ist
anc
e o
f
4 k
m f
rom
the
Bla
ckb
ird
Cre
ek
mou
th.
Are
a o
f I
JC
vio
lat
ion
amo
unt
ed
to
100
he
ct
ar
es
.
Pas
t s
tud
ies
and
mar
ket
rej
ect
ion
s
of
com
mer
cia
l c
atc
hes
ind
ica
te
fis
h
taint
ing.
Fou
r c
omp
osi
te
lak
e
tro
ut
sam
ple
s
con
sis
tin
g o
f f
ive
fis
h in
eac
h
sam
ple
con
tai
ned
a m
ean
mer
cur
y
con
cen
tra
tio
n
of
0.5
7
mg
Hg/
kg.
 
The
sed
ime
nts
of
Pen
ins
ula
Har
bou
r c
ont
ain
ele
vat
ed
lev
els
of
PCBs
whi
ch
coul
d a
ffe
ct
lev
els
in
fis
h f
or
som
e t
ime
in
the
futu
re.
Bio
log
ica
l s
tud
ies
sho
wed
com
ple
te
abs
enc
e o
f b
ent
hic
faun
a c
omm
uni
tie
s i
n b
ott
om
sed
ime
nts
of
Moh
erl
y B
ay,
ind
ica
tin
g t
oxi
c
pol
lut
ion
.
Fut
ure
tox
ici
ty
stu
die
s
are
req
uir
ed
to
ass
ess
the
eff
ect
ive
nes
s o
f r
eme
dia
l
pr
og
ra
ms
.
 
MOE
MOE
MOE
MOE
MOE
MOE
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TABLE 1:1 PROBLEM AREAS — LAKE SUPERIOR (continued...)
MA
P
REF. PROBLEM AREA
OBJECTIVE OR
STANDARD VIOLATED
DESIGNATION
EVIDENCE OF NON-COMPLIANCE
DATA
REMARKS
SOURCE
   
Thunder Bay
Silv
er B
ay
Duluth—
Superior
Harbor
 
Dissolved Oxygen
(IJC — 6 mg/l)
Total Coliforms
(IJC — 100 org/100 ml)
PCBs in fish
(H & w ~ 2 mg/kg)
Mercur
y in f
ish
(H & W —
0.5 mg/k
g)
Taconite tailings
(soli
ds an
d asb
estos
)
Dissolve
d Oxygen
(MPCA — 6 mg/l
April 1
to May 3
1;
— 5 mg/l
other ti
mes)
(WDNR —
5 mg/l)
Fecal
colifo
rm
(MPCA — 200 MPN/lOO ml)
(WDNR — 200
MPN/lOO ml)
 
Short term
Short
term
Lo
ng
te
rm
Long
term
Short
term
Short
term
Short
term
 
Dissolved oxygen levels violated the
IJC objective in an area of 1.5 km
mainly near the Current River mouth
and McIntyre River Mouth.
1974 levels exceeded the IJC
objective over an area of 2 kmz.
One in ten large lake trout exceeded
(2.2 mg PCB/kg) the guideline.
10 composite lake trout samples
contained a mean mercury concentration
of 0.7 mg/kg.
7.3 mg/l* 13 percent**
241 MPN 27 percent**
 
MOE
Existing conditions are similar MOE
to those observed for 1974.
MO
E
The elimination of mercury input MOE
by the closure of the Dow
Chemical Plant in 1973 should
result in a decrease of mercury
in fish.
Reduced clarity 25 percent in MPCA
area of 1,154 sq. kilometer
(EPA).
Sample range 4.1 — 12.4 mg/l MPCA
for 15 samples.
St. Louis River showed monthly WDNR
sampling at the values of 4.1
4.2 and 4.6 mg/l which did not
meet standard.
Sample range 20 — 1700 MPCA
MPN/lOO ml for 15 samples.
Samples of June 12/74 showed
7 of 16 samples in excess of
400
MPN/
lOO
m1.
Sept.
12/74
, S
of 16 sample
s were above
standard.
    
 TABLE
1:1 PROBLEM AREAS — LAKE SUPERIOR (continued...)
 
MA
P
REF. PROBLEM AREA
OBJECTIVE 0R
STANDARD VIOLATED
DESIGNATION
EVIDENCE OF NON—COMPLIANCE
REM
ARK
S
DATA
SOURCE
1
5
  
Duluth—Superior
Harbor
(continued)
Area from
Duluth to
Montreal River
Mineral River
Upper Portage
Entry
 
Phenol
(MPCA — 10 ug/l)
Copper
(MPCA — 10 ug/l)
Phosphorus (T)
Nitrogen (T)
Suspended Solids
Asthetics
(Red Clay)
chlorides
Toxic
Heavy
Metals
 
Long term
Long term
Short term
Short term
Long term
Long term
Short term
Long term
11.7 ug/l*
41 percent**
10.8 ug/l*
20 percent**
.11 mg/l*
1.34 mg/l*
14 out of 15 samples exceeded
Michigan's standards of 125 mg/l.
popper 154 mg/kg (DW) 3 sample mean.
Zinc 19.0 mg/kg (Dw) 3 sample mean.
*Arithmetic mean of all samples.
**Percentage
of
samples
found
in
violati
Sample range 3 — 37 ug/l
for 15 samples.
Sample range <10 — 72 ug/l
for 15 samples.
Sample range 0.06 — .18 mg/l
for 15 samples.
Sample range 0.53 — 1.89 mg/l
Red clay and other stream
sediments carried into harbour
by St. Louis and Nemadji rivers
and Lake Superior currents.
Little discernable change
over the years.
Samples collected at river
station located 0.1 mile above
mouth.
The source of chlorides
is the White Pinner Copper
Company, mine drainage water.
Elevated copper and zinc levels
is sediments.
This area was
used to dispose of tailings from
formerly active mines.
on.
   
MPCA
MPCA
MPCA
MP
CA
WDNR
W
D
N
R
MDNR
MDNR
  
 PROBLEM AREAS - LAKE SUPERIOR (continued...)
OBJEC
TIVE
0R
PROBLEM AREA ST
ANDARD VIOLATED
DESIG
NATIO
N EVIDENCE O
F NON—COMPLI
ANCE
REMARKS
Fe
ca
l
co
li
fo
rm
Mu
ni
si
ng
Ha
rb
or
To
xi
c
He
av
y
Me
ta
ls
1
6
    
10
ou
t
of
12
sa
mp
le
s
ex
ce
ed
ed
20
0
Eo
un
ts
/l
OO
ml
.
Co
pp
er
96
mg
/k
g
(D
W)
3
sa
mp
le
me
an
.
Zi
nc
13
4
mg
/k
g
(DW
)
3
sa
mp
le
me
an
.
Le
ad
79
.5
mg
/k
g
(DW
)
3
sa
mp
le
me
an
.
 
Sa
mp
le
s
co
ll
ec
te
d
at
ri
ve
r
st
at
io
n
lo
ca
te
d
0.0
2
mi
le
ab
ove
mo
ut
h.
Fe
ca
l
co
li
fo
rm
fr
om
th
e
Ma
rq
ue
tt
e
an
d
Ne
ga
un
ee
STP
's
due
to
in
ad
eq
ua
te
or
no
n—
ex
is
te
nt
ch
lo
ri
na
ti
on
.
El
ev
at
ed
le
ad
,
co
pp
er
an
d
zi
nc
le
ve
ls
se
di
me
nt
s.
   
 
 
 
l
8
 
TABLE 1:2
PROBLEM AREAS — LAKE MICHIGAN
MA
P
REF. PRObL
EH AR
E\
OBJEC
TIVE
OR
STANDARD VIOLATED
EVIDEN
CE OF
NON—CO
MPLIAN
CE
REMARKS
Sula
    
Manistique
River
Escanaba River
Green Bay
 
Fecal coliform
Fecal coliform
Taste and Odor
Dissolved Oxygen
(WDNR — temporary
variance of 2.0 mg/l)
Phosphorus
Suspended Solids
 
Short
Short
Short
Short
Short
term
term
term
te
rm
term
te
rm
8 out of ll samples exceeded 200 counts’
100
ml.
/
5 out of l4 samples exceeded 200 counts,
100 ml.
Reports by Michigan communities
 
Lower Fox River
I
- August 1975 monthly
average was 2.8 mg/l with a minimum
haily average of 0.8 mg/l and an hourly
hinimum of 0.0 mg/l.
Lotal phosphorus for l975 water year
measured monthly on the lower Fox
River was 0.14 mg/l and ranged from
0.08 to 0.37 mg/l.
pnee monthly sampling on the Fox River
ranged from O to 36 mg/l and averaged
16 mg/l.
  
Collected at river
0.11 miles above mouth.
Samples
station
collected at river
1.59 miles above mouth.
Samples
station
Taste and odor problems
related to enrichment of Green
Bay by industrial and municipal
point source discharges.
In late winter and early spring
a front of low dissolved oxygen
extends 20 - 30 miles out into
Green
Bay.
Data from 1972 to present
suggests that a substantial
reduction in suspended solids
is taking place.
i
I
 
MDNR
MDNR
MDNR
WDNR
WDNR
WDNR
  
 
 TABL
E 1:
2
PROBLEM
AREAS - LAKE
MICHIGAN (co
ntinued...)
PROBLEM AREA
OBJECTIVE OR
STANDARD VIOLATED
DESIGNATION
EVIDENCE OF NON—COMPLIANCE REMARKS
DATA
SOURCE
3 Green Bay
(continued)
4 Milwaukee
Harbor
1
9
5 Ind
iana Har
bor
Canal and Inner
Harbor Basin
    
PCBs in fish
Fecal
Colifo
rm
(WDNR — interim
standard
of lOOO/
lOO
ml average and 100
percent
not exce
eding
2000/100 ml)
Dissolve
d Oxygen
(WDNR ~
varian
ce
level of 2.0 mg/l)
Suspen
ded So
lids
Ammonia
(ISBH - 1.5 mg/l)
 
Long
term
Short term
Short
term
Short term
Short term
 
Green Bay fish collected and analyzed
in 1975 showed that 7 of 17 carp
exceeded the limit with a range of
8.0 to 51.6
mg/kg and av
eraged 22.8
mg/kg. Five
of eighteen
whitefish
exceeded the limit and averaged 4.9
mg/kg for all samples.
Generally, h
arbor area i
s less than
3.0 mg/l and
entrance are
a approaches
zero followi
ng major run
off events.
Average cont
ent of 20 mg
/l reported
in 1975 for the basin with higher
levels attai
ned during r
unoff.
Water qualit
y monitoring
program
monthly aver
age was 3.8
mg/l.
 
Snow melt sa
mples analyz
ed
in 1975 reve
aled PCB con
cen—
trations ran
ging from 0.
17 to
0.24 ppb whi
ch indicated
atmosp
heric
fallout
as a m
ajor
source
of con
tamina
tion.
The
data suggest
s that PCBs
may be
present throughout Lake
Michigan.
In 19
75, 5
of ll
sampl
es
exceeded the interim standard
and in 1974,
4 of ll were
in
excess. Pre
sently avail
able
data is too
sparse and v
aried
to Sho
w tren
ds.
No apparent
change in tr
end.
197A average
was 4.0 mg/l
.
 
WDNR
WDNR
WDNR
WDNR
ISBH
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OB
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AR
EA
S
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KE
MI
CH
IG
AN
(c
on
ti
nu
ed
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M
A
P
RE
F.
PR
OB
LE
M
AR
EA
OB
JE
CT
IV
E
OR
ST
AN
DA
RD
VI
OL
AT
ED
D
E
S
I
G
N
A
T
I
O
N
EV
ID
EN
CE
OF
NO
N—
CO
MP
LI
AN
CE
REM
ARK
S
D
A
T
A
S
O
U
R
C
E
  
In
di
an
a
Ha
rb
or
Ca
na
l
an
d
In
ne
r
Ha
rb
or
Ba
si
n
(c
on
ti
nu
ed
)
 
Ch
lo
ri
de
s
(
I
S
B
H
-
35
m
g
/
l
)
C
ya
n
i
d
e
(I
SB
H
-
0.
1
mg
/l
)
Di
ss
ol
ve
d
Ir
on
(I
SB
H
—
0.
3
mg
/l
)
Phe
nol
(I
SB
H
-
0.
0l
mg
/l
)
Oi
l
(ISBH
— 5 mg
/l)
Fe
ca
l
Co
li
fo
rm
(I
SB
H
—
ge
om
et
ri
c
of
lO
OO
/l
OO
ml
)
 
Lo
ng
te
rm
Sh
or
t
te
rm
Lo
ng
te
rm
S
h
o
r
t
t
e
r
m
Sh
or
t
te
rm
S
h
o
r
t
t
e
r
m
 
Wa
te
r
qu
al
it
y
mo
nt
hl
y
A9 mg/l.
Wa
te
r
qu
al
it
y
mo
nt
hl
y
0.
25
mg
/l
.
Wa
te
r
qu
al
it
y
mo
nt
hl
y
0.
8
mg
/l
.
Wa
te
r
qu
al
it
y
mo
nt
hl
y
0.
03
mg
/l
.
Wa
te
r
qu
al
it
y
mo
nt
hl
y
17
mg
/l
.
W
a
t
e
r
q
ua
l
i
t
y
m
o
n
t
h
l
y
va
lu
e
wa
s
87
6/
10
0
ml
.
av
er
ag
e
wa
s
av
er
ag
e
wa
s
a
v
e
r
a
g
e
w
a
s
a
v
e
r
a
g
e
w
a
s
av
er
ag
e
WJ
S
g
e
o
m
e
t
r
i
c
m
e
a
n
 
Sl
ig
ht
up
wa
rd
tr
en
d
wa
s
ob
se
rv
ed
.
Th
e
mo
nt
hl
y
av
er
ag
es
fo
r
19
73
an
d
19
74
we
re
38
an
d
42
mg
/l
r
e
s
p
e
c
t
i
v
e
l
y
.
A
do
wn
wa
rd
tr
en
d
no
te
d
fr
om
th
e
19
74
mo
nt
hl
y
av
er
ag
e
of
0.
34
mg/
l.
A
sl
ig
ht
do
wn
wa
rd
tr
en
d
fr
om
19
74
av
er
ag
e
of
0.
95
mg
/l
.
A
do
wn
wa
rd
tr
en
d
fr
om
th
e
19
7A
a
ve
r
a
g
e
of
0.
0A
mg
/l
.
A
do
wn
wa
rd
tr
en
d
fr
om
19
74
mo
nt
hl
y
av
er
ag
e
of
36
mg
/l
.
A
do
wn
wa
rd
tr
en
d
fr
om
th
e
19
74
ge
om
et
ri
c
mo
nt
hl
y
me
an
of
l2
97
/l
OO
ml
.
 
IS
BH
IS
BH
IS
BH
lS
BH
   
 Figure
1:4
_
Reference
Map
of
Lake
Huron
 
 TA
BL
E
1:
3
—
PR
OB
LE
M
AR
EA
S
-
LA
KE
HU
RO
N
RE
F.
PR
OB
LE
M
AR
EA
OB
JE
CT
IV
E
0R
ST
AN
DA
RD
VI
OL
AT
ED
DE
SI
GN
AT
IO
N
EV
ID
EN
CE
OF
NO
N—
CO
MP
LI
AN
CE
DA
TA
RE
MA
RK
S
SO
UR
CE
1
Al
pe
na
‘T
hu
nd
er
Ba
y
Ar
ea
2
Sa
gi
na
w
Ba
y
2
2
3
Ha
rb
or
Be
ac
h
Ba
y
Ar
ea
   
Se
tt
le
ab
le
an
d
Su
sp
en
de
d
Ma
te
ri
al
s
Fe
ca
l
Co
li
fo
rm
Ir
on
Ch
lo
ri
de
s
Ph
os
ph
or
us
Se
tt
le
ab
le
and
Su
sp
en
de
d
Ma
te
ri
al
s
 
Lo
ng
te
rm
Sh
or
t
te
rm
Sh
or
t
te
rm
Sho
rt
ter
m
Lon
g
ter
m
Lo
ng
te
rm
 
35
ou
t
of
55
sa
mp
le
s
ex
ce
ed
ed
20
0
co
un
ts
/1
00
ml.
44
ou
t
of
60
sa
mp
le
s
ex
ce
ed
ed
30
0
u
g
/
l
.
4
ou
t
of
24
sa
mp
le
s
ex
ce
ed
ed
Mi
ch
ig
an
st
an
da
rd
of
12
5
mg
/l
.
 
In
cr
ea
se
d
ab
un
da
nc
e
of
MD
NR
or
ga
ni
sm
s
an
d
pr
es
en
ce
of
po
ll
ut
io
n—
to
le
ra
nt
in
di
ca
to
r
fo
rm
s
in
di
ca
te
s
mo
de
ra
te
to
se
ve
re
or
ga
ni
c
en
ri
ch
me
nt
.
Sa
mp
le
s
co
ll
ec
te
d
at
ri
ve
r
MD
NR
mo
ut
h
st
at
io
n
of
se
le
ct
ed
st
re
am
s
dr
ai
ni
ng
in
to
th
e
ba
y.
Sa
mp
le
s
co
ll
ec
te
d
at
ri
ve
r
st
at
io
ns
of
se
le
ct
ed
st
re
am
s
dr
ai
ni
ng
in
to
th
e
ba
y.
 
Sa
mp
le
s
co
ll
ec
te
d
at
mo
ut
h
MD
NR
st
at
io
n
lo
ca
te
d
4.
98
mi
le
s
ab
ov
e
mo
ut
h.
Se
e
as
se
ss
me
nt
of
pr
ob
le
m
ar
ea
s,
MD
NR
Ap
pe
nd
ix
C.
In
cr
ea
se
d
ab
un
da
nc
e
of
or
ga
ni
sm
s
MD
NR
an
d
pr
es
en
ce
of
po
ll
ut
io
n—
to
le
ra
nt
in
di
ca
to
r
fo
rm
s
in
di
ca
te
s
mo
de
ra
te
to
se
ve
re
or
ga
ni
c
en
ri
ch
me
nt
ca
us
ed
by
po
rt
di
sp
os
al
pr
ac
ti
ce
s
of
bi
o—
ch
em
ic
al
op
er
at
io
ns
in
ar
e;
an
d
na
tu
ra
l
en
tr
ap
me
nt
by
th
e
ha
rb
or
se
aw
al
ls
.
  
 TABLE
1:3
PROBLEM
AREAS
—
LAKE
HURON
(continued...)
}L
\P
EF.
PROBLEM AREA
OBJECTIVE OR
STANDARD VIOLATED
DESIGNATION
EVIDENCE OF NON-COMPLIANCE
REMARKS
DATA
SOURCE
4
Collingwood
H
a
r
b
o
u
r
5
Penetang Bay
6
Spanish River
7
Serpent
Harbour
     
Nuisance
Algal Growth
(IJC — Article II,
Section 3)
Nuisance Algal Growth
(IJC — Article II,
Section
3)
Phenol
(IJC — substantially
absent)
226Radium
(MOE
—
3.0
p
Ci/l
Criteria
for
Public
Water Supply)
 
Short term
Short term
Short term
Short term
 
Algal
bloom
conditions were
observed
to extend
1.8 km2
in late summer
1974.
Additionally abundant aquatic
growths
were
noted
on docks
and
piers.
Phytoplankton
measurements
and
bio—
logical
investigations
indicate
that,
as a result of
nutrient input
and
low surface
to volume
ratio
of the
bay
nuisance
aquatic
growth
is
occurring.
Phenol
levels
in 1975
ranged
from
1—2
ug/l,
a decrease
from
those
observed
in
the
previous
years
(ranged
from
3—14
ug/l).
226Radium
levels
ranged from
3.0
to
6.8 pCi/l
in
1975 within
an
area
of
4.5
kmz.
 
Decreases
in
aquatic
product—
ivity in
the harbour as a result
of nutrient removal are not
expected because of
the slow
flushing rate and
long retentioi
time of the harbour.
Reduction
of
algal
biomass
within
the
bay
is expected
to occur as a result of nutrient
removal programs but
the rate 0‘
recovery is expected to be slow
due
to the restrictive
nature
of the bay which hinders mixing
with
the
lake
waters.
Spanish River contributed abouti
16 percent of total phenol
t
loadings from all sources on
Lake
Huron,
Georgian
Bay
and
North
Channel.
Levels of ZZSRadium
entering
the harbor have
been diminishing
significantly since 1966,
primarily
due
to
natural
decreases in river flows.
  
MOE
MOE
MOE
MOE
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S
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LA
KE
HU
RO
N
(c
on
ti
nu
ed
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.)
R
E
F
.
PR
OB
LE
M
AR
EA
OB
JE
CT
IV
E
OR
ST
AN
DA
RD
VI
OL
AT
ED
DE
SI
GN
AT
IO
N
EV
ID
EN
CE
OF
NO
N—
CO
MP
LI
AN
CE
RE
MA
RK
S
DA
TA
S
O
U
R
C
E
 
St
.
Ma
ry
s
Ri
ve
r
  
To
xi
c
Su
bs
ta
nc
es
(I
JC
—
su
bs
ta
nt
ia
ll
y
a
b
s
e
n
t
)
To
ta
l
Co
li
fo
rm
(I
JC
-
lO
OO
/l
OO
ml
)
Sh
or
t
te
rm
Sh
or
t
te
rm
  
Ph
en
ol
le
ve
ls
ra
ng
ed
fr
om
10
Ug
/l
to
24
ug
/l
in
a
na
rr
ow
ba
nd
ne
ar
th
e
Ca
na
di
an
sh
or
e
ov
er
an
ar
ea
of
1.
2
km
z.
Cy
an
id
e
le
ve
ls
av
er
ag
ed
0.
28
mg
/l
ju
st
do
wn
st
re
am
fr
om
Al
go
ma
St
ee
l'
s
ou
tf
al
l
ov
er
an
ar
ea
of
0.
1
km
z.
Le
ve
ls
ra
ng
ed
fr
om
12
00
to
20
00
/1
00
ml
.
 
Ph
en
ol
le
ve
ls
du
ri
ng
19
74
—7
5
we
re
si
gn
if
ic
an
tl
y
lo
we
r
th
an
th
os
e
ob
se
rv
ed
du
ri
ng
th
e
pr
ev
io
us
ye
ar
s
ma
in
ly
du
e
to
th
e
ch
an
ge
in
th
e
pr
oc
es
s
of
Al
go
ma
St
ee
l'
s
co
ke
ov
en
op
er
at
io
ns
.
 
MO
E
MO
E
  
2
5
Cle
vei
and
 
Figure 1:5
Reference Map of Lake Erie
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TA
BL
E
1:4
PRO
BLE
M
ARE
AS
— L
AKE
ERI
E
M
A
P
RE
F.
PRO
BLE
M A
REA
OB
JE
CT
IV
E
OR
STA
NDA
RD
VIO
LAT
ED
DES
IGN
ATI
ON
EV
ID
EN
CE
OF
NO
N—
CO
MP
LI
AN
CE
DA
TA
REM
ARK
S
SOU
RCE
   
Bl
ac
k
Ri
ve
r~
Mi
ch
ig
an
Up
pe
r
St.
Cl
ai
r
Ri
ve
r
Pi
ne
Ri
ve
r
Cl
in
to
n
Ri
ve
r
Th
am
es
Ri
ve
r
 
Fe
ca
l
Co
li
fo
rm
Fi
sh
ta
in
ti
ng
Fe
ca
l
Co
li
fo
rm
Fe
ca
l
Co
li
fo
rm
Tot
al
Dis
sol
ved
Sol
ids
(IJ
C
— 2
00
mg/
l)
 
Sh
or
t
te
rm
Sho
rt
ter
m
Sho
rt
ter
m
Sho
rt
ter
m
Lo
ng
ter
m
 
3
ou
t
of
7
sa
mp
le
s
ex
ce
ed
ed
20
0
co
un
ts
/
10
0
ml
.
Ca
tc
he
s
of
ta
in
te
d
fis
h
hav
e
be
en
re
po
rt
ed
by
sp
or
ts
fi
sh
er
me
n.
4 o
ut
of
7 s
amp
les
exc
eed
ed
200
cou
nts
/
100
ml
5
ou
t
of
6
sa
mp
le
s
ex
ce
ed
ed
20
0
co
un
ts
/
10
0
ml
.
In
19
75
,
le
ve
ls
of
TD
S
ra
ng
ed
fr
om
21
0
to
30
0
mg
/l
wi
th
a
me
an
of
23
7
mg
/l
us
ed
on
12
0
sa
mp
le
s.
Ar
ea
of
vi
ol
at
io
n
am
ou
nt
ed
to
6
km
2
in
La
ke
St
.
Cl
ai
r.
 
Sam
ple
s
col
lec
ted
at
riv
er
MDN
R
st
at
io
n
lo
ca
te
d
0.9
2
mi
le
s
abo
ve
mo
ut
h.
So
ur
ce
s
of
fe
ca
l
co
li
fo
rm
hav
e n
ot
bee
n
ide
nti
fie
d.
Di
ss
ol
ve
d
or
ga
ni
cs
are
kn
ow
n
to
MO
E
cau
se
fis
h
tai
nti
ng.
Inv
est
-
iga
tio
ns
of
the
se
sub
sta
nce
s
in
ef
fl
ue
nt
s
fro
m
the
pe
tr
o—
che
mic
al
ind
ust
rie
s
alo
ng
the
Can
adi
an
sho
re
are
und
erw
ay.
Sa
mp
le
s
co
ll
ec
te
d
at
ri
ve
r
MD
NR
sta
tio
n
loc
ate
d
0.2
mil
es
abo
ve
mou
th.
So
ur
ce
s
of
fe
ca
l
co
li
fo
rm
ha
ve
no
t
be
en
id
en
ti
fi
ed
.
Sa
mp
le
s
co
ll
ec
te
d
at
ri
ve
r
MD
NR
st
at
io
n
lo
ca
te
d
abo
ut
2.3
mi
le
s
ab
ov
e
mo
ut
h.
So
ur
ce
s
of
fe
ca
l
co
li
fo
rm
s
ar
e
th
e
co
mb
in
ed
sew
er
ov
er
fl
ow
s
and
st
or
m w
at
er
di
sc
ha
rg
es
to
th
e
ri
ve
r.
MO
E
    
  
TABLE 1:4 PROBLEM AREAS — LAKE ERIE (continued.. )
MA
P
REF.
OBJEC
TIVE
OR
PROBLE
M AREA
STAND
RD VIO
LATED
DESIG
NATIO
N
EVIDEN
CE OF
NON-CO
MPLIAN
CE
REM
ARK
S
DST‘
.‘mo
Au .;
 
2
7
  
Lowe
r St
.
River — Lake
St. Clair
Mercury in fish
(H & w - 0.5 mg/kg)
Fecal
Colifo
rm
(IJC — 2
00 org/1
00 ml)
Detroit River
Total
colifo
rm
(IJC — lOO org/100 ml)
Phenols
Total Iron
  
Long term
Short
term
Short
term
Sho
rt
ter
m
Short
term
 
Mercury concentration has been steadily
declining; h
owever, mean
levels in
most fish species still remain above
the 0.5 mg/k
g guideline
for human
consumption.
103 out of 3
24 samples e
xceeded 200
counts
/100 m
l.
For the area
l extent of
violations
Windsor Amherstburg are
a, ranged from 5
km2 in June
1975 to 0.25
km‘ in July
1975.
For the areal extent of violations
Windsor Amherstburg area
, ranged from
0.36 kmk, du
ring June 19
75 to 6 km2
in July 1975.
84 out of 106 samples w
ere greater than
0.5
ug/l.
147 out of 303 samples exceeded 300
ug
/l
.
 
Mercury leve
ls from Lake
St.
Clair have exhibited a signifi—
cant downward trend. During
the period 1
970—75 follo
wing
controls pla
ced on mercu
ry
losses to th
e St. Clair
System.
Sources of coliforms are the
combined sew
er overflows
to the
river.
Individual s
ources of ph
enols ar
unknown. Possible sources
include Lake
St. Clair an
d the
industrialized sector of the
Detroit
River.
Iron levels
could be nat
ural
background levels from Lake St.
Clair with added inputs from
industrial and municipal point
sources along the river.
 
MOE
MDNR
MOE
MO
E
MDNR
MDNR
   
 TABLE 1:4 PROBLEM AREAS - LAKE ERIE (continued...)
MAP
OBJECTIV
E OR
EA”
REF. P
ROBLEM A
REA
STANDARD
VIOLATED
DESIGNAT
ION
EVIDENCE
OF NON—C
OMPLIANC
E {
REMARKS
bOuRCE
Detroit River Mercury in Fish
Long term
See assessment of Problem Areas MOE
(continued...) (H & W — 0.5 mg/kg)
Lower St. Clair River — Lake St.
Clair.
8 Toledo Area Phosphorus
Long term
See U.S. Army Corps of Engineers OEPA
1975 Preliminary Feasibility
Report. Lake Erie Wastewater
Management Study.
Fecal Coliform
Long term During an 11 week study of the lower
OEPA
(OEPA — 400/100 ml in no Maumee River, the Toledo Metropolitan
more than 10 percent of Council of Governments found that 43
samples during 30 day
percent of 189 samples exceeded the
period) standard.
 
l
Dissolved Oxygen
Short term
Toledo Metropolitan Area Councib OEPA
(OEPA — Daily average of
of Governments during the summeg
5.0 mg/l and 4.0 mg/l
and fall of 1975 indicated that
any time)
dissolved oxygen frequently
violates water quality standards.
I
(IJC — 6.0 mg/l) Long term June: 7 of 10 stations in non— Hypolimnion values in June and : CCIW
compliance
August are below the limit.
Mean of all 10 stations = 6.23 mg/l
Mean of 7 stations = 4.62 mg/l.
2
8
  
August: 4 of 10 stations in non—
compliance.
Mean of 10 stations = 4.77 mg/l
Mean of A stations = 1.17 mg/l
         
 TABLE 1:4 PROBLEM AREAS - LAKE ERIE (continued...)
NAP
OBJECTIVE OR
DATA
REF. PROBLEM AREA
STANDARD VIOLATED
DESIGNATION EVI
DENCE OF NON-COMPLIANCE
REMARKS S
OURCE
9 Portage River Fecal Coliform Long term Samples collected at the Oak Harbor
OEPA
(OEPA — 200/100 ml)
Bridge showed 350, 150, 310 organisms/
100 ml at the surface, mid—depth and
bottom respectively.
10 Sandusky River Dissolved Oxygen Short term Frequent violations below Fremont have OEPA
(OEPA — daily average
been recorded by the U.S. Geological
of 5.0 mg/l and 4.0 mg/l Survey with the most frequent
any time)
occurrances between June and November.
Fecal Coliforms Long term Two of eight samples collected 1.4 OEPA
(OEPA — 400/100 ml in no miles below Fremont between May and
more than 10 percent of October were 2,500 and 2,400/100 ml.
samples during 30 day
peri
od)
2
9
Phosphorus Long term See Baker, D.B. and J. w. Kramer. OEPA
(1973). Phosphorus Sources and
Transport in an Agricultural
River Basin of Lake Erie, in:
Proceedings 16th Conference on
Great Lakes Research.
International Association for
Great Lakes Research.
11 Huron River Dissolved Oxygen Short term Field measurements between 9/11/74 and
OEPA
(OEPA — 5.0 mg/l)
10/24/74 ranged from 4.6 to 8.7 mg/l.
Dissolved oxygen levels are suspected
to fall cons
iderably low
er at night.
          
  
TABLE 1:
4
PROBLEM AREAS - LAKE ERIE (continued...)
M
A
P
RE
F.
PROBLEM AREA
OBJEC
TIVE
OR
STANDARD
VIOLATED
DESIGNATION EVIDENCE
OF NON-C
OMPLIANC
E
REMARKS
DATA
SOU
RCE
12
1
3
3
0
   
Huron River
(co
nti
nue
d..
.)
Vermillion
Riv
er
Black River
Ohio
 
Fecal
Colifo
rm
(OEPA — 200/100 m1)
Mercury
(OEPA — 0.5 ug/l)
Fecal
Colifo
rm
(OEPA — 200/100 ml)
Fecal Coliform
(OEPA - 200/100 ml)
Amm
oni
a
(OEPA — 1.5 mg/l)
Dissolve
d Oxygen
(OEPA — 5.0 mg/l)
Phos
phor
us
Biologic
al Oxyge
n
Demand
Cadmium
Chromium
Cop
per
Phenol
 
Short
Short
Short
term
term
term
Long term
Short
Short
Short
Short
Short
Short
term
te
rm
te
rm
term
te
rm
term
Field measurements betw
een 9/11/74 and
10/24/74 ranged from 140 to 430/100 ml
Field measurements between 9/11/74 and
10/24/74 showed that one of four
samples contained 1.3 ug/l.
1975 water year data sh
owed values of
810, 220, 38
4, 270 and 3
70/100 ml.
1974—7S data consistantly well
in excess of standard.
Measurements of 3.1, 4.7, 4.9, 4.9 and
5.9 were re
ported for 19
74—75.
Samples collected between Elyria and
Lorain showed levels of
4.7, 3.7, 2.6,
3.6 and 3.8 mg/l.
Summary data for 1974 water year showed
a range of 0.00 to 2.70
mg/l and a mean
value of
0.70 mg/l
.
The average five dayBOD value for
1974 was 11.4 mg/l.
The 1974 mean reported levels of
cadmium, chromium and copper were 1.5,
245.1 and 47.1 ug/l respectively.
An average of five samples collected
in 1974 showed a concentration of
5.8 ug/l.
   
OEPA
OEPA
OEPA
OEPA
OEPA
OEPA
OE
PA
OEPA
OE
PA
OEPA
  
 tinued...)
 
MA
P
REF. PROBLEM AREA
OBJECTIVE OR
STANDARD VIOLATED
~COMPLIANCE REMARKS
DATA
SOURCE
14
 
 
   
Rocky River
Cleveland Area
 
Ammonia
(OEPA - 1.5 mg/l)
Fecal coliform
(OEPA — 200/100 ml)
Dissolved Oxygen
(OEPA — 5.0 mg/l)
Phosphorus
Biological Oxygen
Demand
Oil
Phosphorus
Fecal Coliform
Ammonia
Cyanide
  
0,
reached a
averaged 1.14
the river
3700/
100 m
l.
 
Mathematical modelling predicts
5 mg/l below Lakewood during
low flows; however, no samples
were collected to verify.
Samples not collected below
Lakewood; however, mathematical
modelling predicts violations
will occur.
Local treatment plants in
vicinity experiencing operational
difficulties in removing
phosphorus.
The State of Ohio tributary
sampling station for the
Cuyahoga River is located above
major industrial effluent sources;
identification of the parameters
listed is based on industrial
discharge records and limited
surveillance in the harbor.
 
OEPA
OEPA
OE
PA
OEPA
OE
PA
   
 TABLE 1:4 PROBLEM AREAS - LAKE ERIE (Continued.. )
MAP OBJECTIVE OR DATA
REF. PROBLEM AREA STANDARD VIOLATED DESIGNATION EVIDENCE OF NON—COMPLIANCE REMARKS SOURCE
Cleveland Area Total Dissolved Solids
Short term
(continued...)
Zinc
Short term
Fluorides Short term
Temperature Short term
Copper
Short term
Phenol
Short term
16 Chagrin River Fecal Coliform
Long term Geometric mean value for 13 samples was
OEPA
(OEPA — 200/100 ml)
812/100 ml.
3
2
17 Grand River, Fecal Coliform
Short term
Violations were reported based OEPA
Ohio
(OEPA — 200/100 ml)
on estuary surveys and industrial
discharge data.
Cadmium Short term
(OEPA - 5 ug/l)
Mercury
Short term
(OEPA
~
0.5
ug/l)
Selenium
Short term
(OEPA — 5 ug/l)
Lead
Short term
(OEPA — 40 ug/l)
Ammonia
Short term
(OEPA — 1.5 mg/l)
         
 TABLE 1:4
PROBLEM AREAS — LAKE ERIE (continued...)
MAP
OBJECTIVE OR
DATA
REF. PROBLEM AREA
STANDARD VIOLATED
DESIGNATION EVI
DENCE OF NON-COMPLIANCE
REMARKS
SOURCE
Grand
River-
Dissol
ved So
lids
Short
term
Ohio ‘
(continued...)
Chl
ori
des
Shor
t t
erm
Diss
olve
d Ox
ygen
Shor
t t
erm
18
Asht
abul
a
Diss
olve
d Oxy
gen
Shor
t t
erm
Samp
le c
olle
cted
at t
he F
ifth
Stre
et
OEPA
Rive
r
(OEP
A —
5.0
mg/l
)
Bri
dge
was
2.5
mg/l
.
Fec
al
Col
lfo
rm
Shor
t t
erm
Sam
ple
col
lec
ted
at
the
Fif
th
Stre
et
OEP
A
(OEP
A -
200/
100
ml)
Brid
ge w
as
3,40
0/10
0 ml
.
011
(gre
ase)
Shor
t t
erm
Zinc
Shor
t t
erm
Two
sam
ple
s c
oll
ect
ed
at
the
Fif
th
OEP
A
Stre
et B
ridg
e a
vera
ged
30 u
g/l.
Cyan
ide
Shor
t t
erm
Chlo
ride
Shor
t t
erm
Samp
le c
olle
cted
at t
he F
ifth
Stre
et
OEPA
(OEP
A —
250
mg/l
)
Brid
ge w
as
360
mg/l
.
Tota
l Di
ssol
ved
Soli
ds
Shor
t t
erm
Two
samp
les
coll
ecte
d at
the
Fift
h
OEPA
Str
eet
Bri
dge
ave
rag
ed
957
mg/
l.
Chlo
rine
(res
idua
l)
Shor
t te
rm
Iden
tifi
cati
on i
s ba
sed
on
OEPA
indu
stri
al d
isch
arge
data.
           
  
3
4
TABLE 1:4
PROBLEM AREAS - LAKE ERIE (continued...)
REF. PROBLEM AREA
OBJECTIVE OR
STANDARD VIOLATED DESIGNATION
EVIDENCE OF NON—COMPLIANCE
REMARKS
  
1
9
2
0
2
1
 
Conneaut
Creek
Presque Isle
Bay
Westfield
Area
 
Fecal Coliform
(OEPA
\— 200/100
ml)
Dissolved Oxygen
(IJC — 6.0 mg/l)
Total Coliforms
(IJC - 1000/100 ml)
Fecal Coliforms
(IJC — 200/100 ml)
Phosphorus
Discoloration
Short
Short
Short
Short
Short
Short
 
term
term
te
rm
te
rm
term
term
 
Sample collected at the harbor was
240/100 ml and at gauge station 50287
was 350/100 ml.
Six measurements in the upper waters of
the bay showed two violations of 5.2
mg/l.
Three samples showed a geometric mean
of 1216/100 m1.
Three samples showed a geometric mean
of 75/100 ml.
 
Water quality in the creek is
generally in compliance with
standards.
Sufficient samples have not been
collected to determine actual
compliance with IJC objectives.
1974 data showed 9690 and
216/100 ml for total coliforms
and fecal coliforms respectively
Identification based on
violations of New York State
policy allowing 1.0 mg/l
phosphate (as P) maximum (daily
mean) in effluent from sewage
treatment plants discharging
greater than l MGD.
    
 TABLE
1:4
PROBLEM
AREAS
-
LAKE
ERIE
(continued...)
MA
P
REF. PROBLEM
AREA
OBJECTIVE OR
STANDARD VIOLATED
DESIGNATION
EVIDENCE OF NON-COMPLIANCE
REMARKS
DATA
SOURCE
22
2
3
2
4
3
5
  
Fredonia
Area
Grand
River—
Ontario
Wheatley
Harbour
 
Phosphorus
Total
Dissolved
Solids
(IJC
—
200
mg/l)
Total
Coliform
(IJC
—
1000
org/100
ml)
Fecal
Coliform
(IJC
-
200
org/100
ml)
Dissolved
Oxygen
(
I
J
C
—
6
m
g
/
l
)
 
Short
term
Long
term
Short
term
Short
term
Short
term
 
Upstream
measurements
on
Canadaway
Creek
show
levels
of
up
to
4.0
mg/l
phosphate
(Pot).
See
also
Westfield
Levels
of
TDS
ranged
from
200-320
mg/l
with
a
mean
of
220
mg/l.
Area
violation
amounted
to
9
km‘.
The
entire
harbour
(area
0.02
kmz)
violated
the
IJC
objective.
Levels
ranged
from
3000
to
27000
org/100
ml
during
1973.
Existing
conditions
are
similar
to
those
observed
in
1973.
Levels
ranged
from
400—700
org/100
ml
during
1973.
Existing
conditions
are
similar
to
those
observed
in
1973.
Levels
ranged
from
1.0
to
0.5
mg/l
during
1973.
Existing
conditions
are
similar
to
those
observed
in
1973.
  
NYSDEC
MOE
MOE
MOE
MOE
   
 Fi
gu
re
1:
6
Re
fe
re
nc
e
Ma
p
of
La
ke
On
ta
ri
o
 
3
7
 
T
A
B
L
E
1
:
5
PROBLEM
AREAS
-
LAKE
ONTARIO
REF. PROBLEM
AREA
OBJECTIVE OR
STANDARD VIOLATED
DESIGNATION
EVIDENCE OF NON-COMPLIANCE
DATA
REMARKS
SOURCE
  
Buffalo
River
Upper
Niagara
River
(Fort
Erie
—
Buffalo
Area)
Tonawanda
C
h
a
n
n
e
l
(Niagara
River)
 
Dissolved
Oxygen
Iron
Bacteriology
Oil
&
Grease
P
h
e
n
o
l
s
Bacteria
P
h
e
n
o
l
Phenol
(NYSDH
—
water
supply
limit
of
0.001
mg/l)
Total
Coliform
(IJC
—
1000/100
ml)
Fecal
Coliforms
(IJC
200/100
ml)
Short
Short
Short
Short
Short
Short
Short
Short
Short
Short
 
term
term
term
term
term
term
term
term
term
term
 
1974
water
year
monthly
sampling
program
showed
a
range
of
0.010
-
0.011
mg/l.
May
23-24,
1975,
channel
in
excess
of
6,000/100
ml.
July
31—August
1,
1975
5
measurements
ranged
from
1,500
to
3,400/100
ml,
September
22—24,
1975.
May
23-24,
1975,
3
measurements
showed
a
range
of
240—380/100
ml.
July
31
—
August
1,
1975,
showed
a
range
of
200
420/100 ml.
 
Identification
of
the
parameters
NYSDEC
based
on
industrial
discharge
data.
Identification
of
the
parameters
NYSDEC
was
based
on
industrial
discharge
data.
NYSDEC
CCIW
CCIW
    
  
3
8
TABLE 1:5
PROBL
EM AR
EAS —
LAKE
ONTAR
IO (c
ontin
ued..
.)
 
MA
P
RE
F.
PR
OB
LE
M
AR
EA
OB
JE
CT
IV
E
0R
ST
AN
DA
RD
VI
OL
AT
ED
DE
SI
GN
AT
IO
N
EV
ID
EN
CE
OF
NO
N-
CO
MP
LI
AN
CE
REM
ARK
S
D
A
T
A
S
O
U
R
C
E
 
Tona
wand
a
Cha
nne
l
(Ni
aga
ra
Riv
er)
(co
nti
nue
d..
.)
Low
er
Nia
gar
a
Riv
er
(be
low
Fal
ls)
Nea
rsh
ore
Are
a
fr
om
Mo
ut
h
of
Niag
ara
Rive
r t
Ei
gh
te
en
Mi
le
Creek
Roc
hes
ter
Har
bor
Area
 
Dis
col
ora
tio
n
Phos
phor
us
Dis
col
ora
tio
n
Bact
eria
Phosphorus
Phe
nol
(NYS
DEC
- w
ate
r s
upp
ly
lim
it
of
0.0
01
mg/
l)
Bact
erio
logi
cal
Ba
ct
er
ia
Phos
phat
e
Solids
Long
term
Long
term
Long term
Sho
rt
ter
m
Lo
ng
ter
m
Sh
or
t
te
rm
Sho
rt
ter
m
Sho
rt
ter
m
Long
term
  
1974
wate
r y
ear
mont
hly
samp
les
at
Nia
gar
a F
alls
and
You
ngs
tow
n s
howe
d
rang
es o
f 0.
004—
0.50
0 mg
/l a
nd 0
.001
—
0.0
11
mg/
l r
esp
ect
ive
ly.
 
Ide
nti
fic
ati
on
of
the
para
mete
rs w
as b
ased
on
indu
stri
al d
isch
arge
data.
Identifi
cation o
f the
para
mete
rs w
as b
ased
on
indu
stri
al d
isch
arge
data.
Seve
ral
area
s al
ong
the
shor
e—
line
have
been
clos
ed t
o
swi
mmi
ng
and
oth
er
bod
y c
ont
act
rec
rea
tio
n.
Stat
e H
eal
th
Dep
art
men
t h
as
clo
sed
bea
ch
area
to
swi
mmi
ng
and
body
cont
act
recr
eati
on.
Iden
tifi
cati
on o
f t
he p
aram
eter
s NY
SDEC
was
bas
ed
on
ind
ust
ria
l
3
discha
rge da
ta.
9
 
NYS
DEC
NYS
DEC
NYSDEC
NYSDEC
   
 TABLE
1:5 PROBLEM AREAS - LAKE ONTARIO (continued...)
MAP
REF.
PROBLEM AREA
OBJECTIVE OR
STANDARD VIOLATED
DESIGNATION
EVIDENCE OF NON-COMPLIANCE
REMARKS
DATA
SOURCE
7
Oswego Harbor
Area
8 Black River —
New York
9
Amherst Island
Area
3
9
10
Bay of Quinte
11
Port Hope Area
    
Phosphate
Bacteria
Phosphate
Dissolved Oxygen
(IJC
—
6.0 mg/l)
Total Coliform
(IJC — 1,000 org/100 ml)
Fecal Coliform
(IJC — 200 org/m1)
Nuisance Aquatic Growth
226Radium
 
Long
term
Short term
Long
term
Long term
Short
term
Short term
Long term
Short term
 
During August and September results
from 3 stations on 3 cruises.
Hypo—
limnion values only are out of
compliance. Area affected in about
400 kmz.
Total coliform and ferol coliform
exceeded the IJC criteria in late
summer and fall of 1972.
High chlorophyll levels were found at
Trenton Belleville, Hay Bay, Picton,
and Glenora.
226Radium exceeded the OMB water
quality for Public water supply
(3.0 pCi)
 
Identification of the parameters
was based on industrial discharge
data.
Sawdust beds in harbor under—
going high benthal decomposition
Nine observations in non—
compliance.
The mean of the 9
observations is
(= 5.00 i 1.2 mg/l)
Existing conditions are similar
to those observed for 1972.
Total phosphorus concentration
exceeded 0.1 mg/l near Trenton
and
Belleville during summer
in
1973.
Levels of 226Radium have not
decreased in the harbor since
1966.
 
NYSDEC
NYSDEC
CCIW
MOE
MOE
MOE
H
   
4
0
 
TABLE 1:5
PROB
LEM
AREA
S —
LAKE
ONTA
RIO
(con
tinu
ed..
.)
REF.
OBJ
ECT
IVE
0R
PRO
BLE
M
ARE
A
STA
NDA
RD
VIO
LAT
ED
DESIG
NATIO
N
EVI
DEN
CE
OF
NON
-CO
MPL
IAN
CE
DA
TA
REMA
RKS
SOUR
CE
  
12
l
3
l4
 
Nea
r S
hor
e —
La
ke
On
ta
ri
o
Clad
opho
ra
Tor
ont
o H
arb
our
Tota
l C
oli
for
m
and
Wat
erf
ron
t
Fe
ca
l
Co
li
fo
rm
Ham
ilt
on
Har
bou
r
Dis
sol
ved
Oxy
gen
Total
Colifo
rm
Feca
l C
oli
for
m
Iron
  
Long term
Short
term
Sho
rt
ter
m
Long
term
Short
term
Sho
rt
ter
m
Sho
rt
ter
m
 
Clado
phora
growt
h occ
urs w
here
a
suit
able
subs
trat
e &
suff
icie
nt
nutr
ient
are
avai
labl
e.
Total
phos
phor
us
rang
ed
from
20 u
g/l
to 25
0 ug/
l.
Coli
form
leve
ls
exce
eded
the
IJC
obje
ctiv
e.
A dec
rease
in ox
ygen
to an
oxic
cond
itio
ns p
reva
ils
thro
ugho
ut t
he
summ
er.
Coli
form
level
s al
ong
the
sout
h sh
ore
of t
he h
arbo
ur
exce
eded
the
IJC
obj
ect
ive
.
Iron
leve
ls r
ange
d fr
om 0
.1 t
o 1.
4
mg/l
with
the
high
est
conc
entr
atio
n
obse
rved
at t
he s
outh
shore
.
 
High w
ater l
evels
of 197
3-1975
MOE
have
submi
rsed
a lar
ge pr
oport
ion
of th
e fav
ourab
le su
bstra
te wi
tH
the re
sult t
hat Cl
adopho
ra in
this y
ear wa
s sign
ifican
tly
redu
ced.
See De
tailed
Assess
ment o
f Lake
MOE
Ontar
io.
Littl
e cha
nge h
as be
en
obse
rved
since
1971.
Althou
gh art
ificia
l mixi
ng
MOE
carrie
d out
by MOE
in 197
5
incr
ease
d th
e ox
ygen
conc
en—
trat
ions
the
hypo
limn
ion
from
1 to 2
mg/l,
the ox
ygen s
tock
in t
he h
arbo
ur r
emai
ns
cons
tant
.
MOE
No t
rends
are
avai
labl
e, b
ut n
o
MOE
reduc
tion
in le
vels
is ex
pecte
d.
    
 4
1
TABLE
1:5
PROBLEM AREAS — LAKE ONTARIO (continued...)
MA
P
REF. PROBLEM AREA
OBJECTIVE OR
STANDARD VIOLATED DESIGNATION EVIDENCE OF NON—COMPLIANCE
DATA
REMARKS
SOURCE
  
15 St. Lawrence
River
  
Fluoride
(USPH — Public water
supply, 2.4 mg/l)
Cyanide
Discoloration
Phosphorus
Petroleum and Hazardous
Materials
PCBs in fish
(FDA
—
5.0
rug/1)
Short term
Short
term
Long term
Long term
Long term
   
Past data collected downstream
NYSDEC
from Alcoa Aluminium plant
suggests periodic discharge of
high fluoride levels,
Identification of the parameters NYSDEC
was based on industrial discharge
data.
The high potential for major
NYSDEC
spillage of petroleum and
hazardous materials due to
shipping accidents exists in the
swift river currents and narrow
channels of the Thousand Islands
Area. Increased shipping will
increase the potential for
accidents.
1975 data from the Cape Vincent
NYSDEC
areas showed small mouth bass
to contain 1.62 - 6.85 mg/l.
Walleye Pike from the Massena
Area were below limit (1.58
— 2.05 mg/l).
     
 ASSESSMENT OF SELECTED PROBLEM AREAS
 
Pro
ble
m a
reas
diS
Cus
sio
ns
are
limi
ted
to
thos
e a
rea
s w
hic
h h
ave
a
maj
or
impa
ct
on
the
wat
er
qua
lit
y o
f t
he
Gre
at
Lake
s B
asi
n a
nd
to
thos
e
whi
ch
exh
ibi
ted
a c
han
ged
con
dit
ion
sinc
e t
he
1974
Grea
t L
akes
Wate
r
Qua
lit
y B
oar
d R
epo
rt.
An
ass
ess
men
t o
f c
ond
iti
ons
in
tho
se
are
as
not
men
tio
ned
is
giv
en
in
App
end
ice
s B
and
C o
f t
he
1974
Grea
t L
akes
Wat
er
Quality Board Report.
Lake Superior
Nip
igo
n B
ay.
The
Ont
ari
o M
ini
str
y o
f t
he
Env
iro
nme
nt
and
Env
iro
nme
nt
Can
ada
per
for
med
rec
eiv
ing
wat
er
sam
pli
ng
and
eff
lue
nt
bio
ass
ays
fro
m
197
3—7
5 a
t t
he
Dom
tar
Pac
kag
ing
Lim
ite
d R
ed
Roc
k m
ill
.
The
se
stu
die
s
pro
vid
ed
fur
the
r d
eta
ils
on
the
eff
lue
nt
tox
ici
ty
and
fish
tai
nti
ng
pro
ble
ms
ide
nti
fie
d i
n t
he
1974
Wat
er
Qua
lit
y B
oard
, A
ppe
ndi
x B
repo
rt.
The
eff
lue
nt
plu
me
was
foun
d t
o be
toxi
c t
o p
hyt
opl
ank
ton
and
ben
thi
c o
rga
nis
ms
in
a 0
.25
km2
are
a a
dja
cen
t t
o t
he
out
fal
l.
Sta
tic
and
con
tin
uou
s—f
low
bio
ass
ays
usi
ng
juv
eni
le
rai
nbo
w t
rout
and
larv
al
fish
es
inc
lud
ing
whi
te
suc
ker
and
shi
ner
sho
wed
that
dil
uti
ons
less
tha
n 2
0 p
erc
ent
v/v
(vo
lum
e/v
olu
me)
wer
e n
ot
imm
edi
ate
ly
let
hal
(96
-ho
ur
LCSO
).
Thes
e s
tud
ies
sug
ges
t t
hat
the
eff
lue
nt
plu
me
wou
ld
not
be
sig
nif
ica
ntl
y t
oxi
c t
o f
ish
out
sid
e t
he
zone
of
ini
tia
l m
ixi
ng.
An
ana
lys
is
of
spe
cif
ic
phe
nol
ic
com
pou
nds
imp
lic
ate
d i
n f
ish
tai
nti
ng
(i.
e.,
Gua
ico
l a
nd
Ace
tov
ani
llo
ne)
sho
wed
tha
t t
he
pot
ent
ial
for
dir
ect
tai
nti
ng
of
fle
sh
did
not
ext
end
bey
ond
a 1
km
rad
ius
of
the
outf
all.
Eff
lue
nt
dil
uti
ons
of
less
than
6 pe
rce
nt
v/v
did
not
pro
duc
e
flav
our
imp
air
men
t i
n 4
8—h
our
con
tin
uou
s—f
low
bio
ass
ays
usi
ng
yea
rli
ng
rai
nbo
w t
rou
t.
The
pos
sib
ili
ty
tha
t f
ish
can
acq
uir
e f
lav
our
imp
air
men
t
thr
oug
h t
he
foo
d c
hai
n,
suc
h a
s f
eed
ing
on
pla
nkt
on
exp
ose
d t
o t
he
eff
lue
nt
plu
me,
cou
ld
acc
oun
t f
or
the
mor
e w
ide
spr
ead
occ
urr
enc
e o
f f
ish
tainting in the bay.
The
ins
tal
lat
ion
of
a f
oul
gas
con
den
sat
e s
tea
m s
tri
ppi
ng
sys
tem
in
ear
ly
1975
has
not
bee
n f
ull
y e
val
uat
ed
for
its
impa
ct
in
red
uci
ng
effluent toxicity.
Thun
der
Bay.
Loca
lize
d vi
olat
ions
of I
JC m
icro
biol
ogy
and
diss
olve
d
oxy
gen
obj
ect
ive
s a
nd
hig
h m
erc
ury
lev
els
in
sed
ime
nts
sti
ll
exi
st.
Dat
a o
bta
ine
d b
y t
he
Ont
ari
o M
ini
str
y o
f t
he
Env
iro
nme
nt
und
er
the
Upp
er
Lak
es
Ref
ere
nce
Grou
p S
tudy
of
the
Int
ern
ati
ona
l J
oint
Com
mis
sio
n
hav
e
rev
eal
ed s
ome
con
cer
ns
not
ide
nti
fie
d i
n l
ast
yea
r's
Wat
er
Qua
lit
y
Board, Appendix B report.
42
 During
the summer
CZadophOPa
growth along
the breakwall and
on rocky stretches of shoreline show the effect of nutrient loadings
along the city's waterfront.
Chlorophyll levels, remain below the
2 ug/l level which is considered to be the upper limit of oligotrophic
conditions.
One of ten lake trout samples (five fish composites) showed a
level of 2.2 mg/kg PCB which is above the 2 mg/kg guideline recommended
by the Canadian Food and Drug Directorate.
All other samples of lake
trout fell in the range of 1.2 — 2 mg/kg PCB.
Silver Bay.
Silver Bay Harbor is located on the north shore of Lake
Superior approximately 90 kilometers northeast of Duluth, Minnesota.
The harbor was developed by the Reserve Mining Company which has operated
a taconite ore beneficiation plant at this site for the last twenty
years.
The Reserve Mining Company discharges approximately 61 million
kilograms of taconite tailings per day in a 2.7 percent solids slurry
onto a tailings delta formed by the settling out of the heavier solids
in the waste slurry.
The 55 percent of the tailings which do not
settle out are sufficiently dense to form a so—called density current
which deposits most of the remaining material in the great trench
offshore.
The density current is not 100 percent efficient, so not all
the tailings stay in the great trench;
some are carried out into the
lake.
The discharge from Reserve contributes to the turbidity of Lake
Superior,
particularly in the area southwest of Silver Bay,
and to a
lesser extent in other areas nearby (Lemke, 1973).
As measured by
light transmittance, the tailings reduce water clarity by 25 percent
or more over an area of at least 1,554 square kilometers of Lake Superior
(Baumgartner, 1973).
Cumingtonite asbestos is unique to the Reserve deposits, so its
use as a tracer of the tailings confirms their presence throughout much
of western Lake Superior.
Microscopic amphibole asbestos fibres, also
unique to the taconite tailings, have been detected in high numbers
throughout western Lake Superior.
Up to 87 million fibres/litre have
been reported from the Duluth area.
In Beaver Bay's drinking water
supply 250 million amphibole fibres/litre were found (IJC, 1975).
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Duluth-Superior Harbor. The Duluth—Superior Harbor, located at the
southwestern tip of Lake Superior is the largest inland port in the
United States. The harbor serves as the economic base of the two
cities which combined have a metropolitan population of approximately
138,000 people.
 
The water quality in Duluth—Superior Harbor was measured in St. Louis
Bay at the I—535 bridge. During the sample period October 1, 1974 to
September 30, 1975 fifteen water quality samples were taken. A summary of
the results of the samples are shown in Table 1:6.
Nutrients are also a concern in Duluth-Superior Harbor. Levels of
phosphorus and nitrogen found in the harbor generally exceed levels
necessary for the development of algal blooms.
Red Clay Area. The physical boundary of the Red Clay problem area is
extremely variable and difficult to delineate. Generally, the affected
areas extend along the south shore of the lake from Duluth to Sand Point
and from Chequamegon Bay eastward to the Montreal River.
0f Wisconsin's 8000 km2 of land area in the Lake Superior Drainage
Basin, 360,000 are in Red Clay areas.
The Nemadji and Bay Rivers carry sediment loads in excess of l X
106 kg/day or about 40 times those found in the Montreal and Bois Brule
Rivers. The 1975 water year data of these four monitored streams are
shown in Table l:7.
Lake Michigan
Green Bay. Most of Green Bay's problems are related to pollution
sources on the section of the lower Fox River between Lake Winnebago and
the bay. Secondary sources exist at Marinette—Menomonee and Little Bay
de Noc. The affected area of Green Bay varies greatly, depending on a
number of factors including temperature, current, ice cover, pollutant
loadings, etc.
At the mouth of the Fox River, the monthly average dissolved oxygen
level in August 1975 was 2.78 mg/l; the minimum daily average was 0.76
mg/l and the hourly minimum was 0.00 mg/l. Variances to the fish and
aquatic life standards are temporarily permitted in the lower Fox River
and in Green Bay. These provide that the dissolved oxygen shall not be
lowered to less than 2.0 mg/l in the section from below the Village of
Wrightstown downstream to the mouth, and in Green Bay southeasterly from
the navigation channel and southerly from the Brown County Line.
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TABLE 1:6
WATER PARAMETERS I
N DULUTH—SUPERIOR
HARBOR
NOT IN COMPLIANCE WITH STANDARDS OR OBJECTIVES
PARA
METE
R
PERCE
NT OF
STANDARD ARITH. MEAN VIOLATION RANGE
Dissolved Oxygen
Fecal
Colifo
rm
Phenol
Copper
6 mg/l Apr.l — May 31
5 mg/l other times
7.3 mg/l
13%
200 MPN/lOO ml
241 MPN/lOO ml
27%
10 Ug/l 11:7 Ug/l 41%
10 ug/l
10.8 ug/l
20%
4.1 —
12.4 m
g/l
20—1700 MPN/lOO ml
3—37
ug/l
<10—7
2 Ug/
l
TABLE 1:7
SUSPENDED SOLIDS LOADING IN THE RED CLAY AREA
Stream
No. of Suspended Solids Load
Samples
Kilograms per Day
SS Standard Deviation
Kilograms per Day
Nemadji
Brois Brule
Bad
Montreal
12
1.37 x 106
13
34,503
13 1.6 x 106
14 20,225
2.59 x 106
41,143
3.4 x 106
47,900
 
 
During the summer, the affected area extends from the City of
Appleton downstream to the mouth and in an arc of 2—5 kilometers into
Green Bay. In the winter months there is not a significant dissolved
oxygen sag in the stream. Under ice in late winter and early spring a
front of low dissolved oxygen extends along the east side of the bay and
outward for about 30—50kilometers (20—30 miles).
The results of monitoring suspended solids and total phosphorus
concentrations at the lower Fox River station are shown in the following
table.
 
TABLE 1:8
SUSPENDED SOLIDS AND PHOSPHORUS MEASUREMENTS AT THE LOWER FOX RIVER
Suspended Solids Phosphorus
Year Average (mg/l) Range (mg/l) Average (mg/l) Range (mg/l)
1972 20 2-40 0.20 0.09-0.33
1973 25 6-54 0.15 0.08-0.22
1974 20 6-54 0.13 0.07-0.19
1975 through 18 3-36 0.15 0.09—0.37
September
  
Green Bay fish collected and analyzed in 1975 for PCBs show that 7
out of 7 carp exceed the U.S.F.D.A. Action Level of 5.0 ppm with a range
of 8.0 to 51.6 ppm and averaging 22.8 ppm. Also, 18 Whitefish samples
exceeded the limit, with a range of 1.4 to 15.2 ppm and averaging 4.9
ppm. No abrupt changes have been noted in fish from Green Bay or Lake
Michigan in the past 5 years of testing. 0f the 155 fish samples
analyzed, 98 exceeded the 5.0 ppm level. The identification of high PCB
levels in the fish of Green Bay is indicative of the overall problem in
Lake Michigan.
Milwaukee Harbor. The Milwaukee Harbor area includes the portion within
the breakwater, the turning basins, estuary and mouths of the Milwaukee,
Kinnickinnic and Menomonee rivers, or about 5.0kmz. There is a considerable
variation of water quality in the harbor. Most of the pollution from
combined sewer overflows goes into the rivers and the sampling often
represents mixtures of river and lake waters.
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 The Brown Deer Road monitoring station on the Milwaukee River is
upstream from most sewer overflows, and thus may be indicative of tributary
inputs. In the 1974 water year, the eight samples taken at this location
showed an average suspended solids and 5—day BOD loadings of 29,349 and
9,209 kg/day respectively with standard deviations of 39,509 and 9,254.
Nine samples for fecal coliform counts at that location ranged from
40 to 5,300 per 100 ml with a geometric mean of 282. The dissolved
oxygen is usually satisfactory with an annual average of about 9.2 mg/l;
however, the December 4, 1974 sampling, the low for the water year was
only 4.1 mg/l.
Concentrations of fecal coliforms in the harbor at Milwaukee's
Jones Island treatment plant water intake are influenced by the Milwaukee,
Kinnickinnic and Menomonee rivers; however the influx of high quality
Lake Michigan water tends to reduce the impact of these rivers. Never—
theless, 4 of the ll fecal coliform samples violated the 1,000/100 ml
count variance established for the harbor.
Water quality within the harbor is measured 2 to 4 times per month
for a PLUARG Pilot Watershed Study. These results indicate that suspended
solids concentration average about 20 mg/l, with higher levels during
runoff. The dissolved oxygen is generally less than 3.0 mg/l, except
during periods of influx of lake water. The entire harbor area approaches
zero following major runoff eventsfrom the tributaries.
Lake Huron
Saginaw Bay. Saginaw Bay has previously been identified as a significant
problem area and has been of concern for several decades. The most recent
surveys of the bay have beenconducted for the IJC Upper Lakes Reference
Study in 1974-75.
Recent surveys indicate a 50 percent improvement over the past ten
years in chloride concentrations. Concentrations of major minerals
(Ca, Mg, Na and K) have also declined. Major alterations to the benthos
have beendocumented with particular concern for the disappearance of
the Hexagenea mayfly and decreases in amphipods, both important to the
diets of yellow perch.
The trophic status of the inner bay appears to have remained in a
eutrophic condition over the last 10 years as indicated by chlorophyll a
levels and phytoplanktons standing crop. Predominance of halophilis
species (i.e., associated with salt water) reflect the input of dissolved
solids loadings as well as nutrient levels from the Saginaw River. Total
phosphorus levels appear to have remained constant over the last ten
years.
 
 Recent surveys have detected the presence or organic substances
PCBs and pthalates in the water.
Chemical analysis of sediments over the last five years show high
levels of zinc, lead, total kjeldahl nitrogen and chemical oxygen demand
particularly near the Saginaw River.
Also, since 1972 concentrations of metals and organics have been
detected in Saginaw Bay fish.
Carp and catfish contain detectable amounts
of PCB, dieldrin, total DDT and mercury. Only a few of the PCB levels
in carp in 1975 exceeded the proposed FDA limit of 5 mg/kg.
The State of Michigan water quality standard which limits addition of
nutrients that stimulate algal growth to an extent to interfere with a
beneficial use has been violated on numerous occasions. The stimulation
of the growth of blue—green algal causes taste and odor problems in three
municipal intakes located in Saginaw Bay andadjoining water.
Specific
problems have been observed with taste and odors and filter clogging at
the Whitestone point intake. The threshold odor level of 3 (1962 USPHS
drinking water criteria) was exceeded 20 percent of the time in 1974.
Mathematical model results indicate that the inner bay will respond
within a year to any material load reduction (or increase). Specifically,
a 57 percent reduction in phosphorus loading (100 percent reduction in
controllable phosphorus) would result in a 52 percent reduction in average
peak blue—green algal biomass and a 57 percent reduction in average annual
blue-green algal biomass.
Similarly, chloride load reductions would reSult
in an almost immediate and linear reduction of chloride concentration.
The eutrophic condition of Saginaw Bay and its rapid response to
material loadings warrants a continued effort of monitoring and analysis
to determine the effect of current remedial actions and requirement of
additional action.
Collingwood Harbour.
Surveys conducted by the Ontario Ministry of the
Environment in 1974 revealed above normal productivity for Georgian Bay.
Chlorophyll 3 concentrations up to 24 ug/l were observed during the
late summer algal bloom period over an area of 1.8 km2, but water use
was not seriously affected by this condition.
The outfall from the municipal sewage treatment plant discharges to
the harbour. Phosphorus removal became operational in May 1975, but
because of restricted exchange with the bay, it will take several years
for improvements in water quality to be fully realized.
Levels of lead, zinc and PCBs in the harbour sediments were among
the highest found anywhere in Georgian Bay; however, levels of these
substances in fish were within acceptable limits.
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 Serpent Harbour.
Uranium mines and tailing ponds in the Elliot Lake
area of the Serpent River have been identified by the Ontario Ministry
of the Environment as contributing to measurable levels of dissolved
radium (226 Ra) in Serpent Harbour.
An estimated maximum harbor area of
0.45 km2 exceeds the Ministry drinking water criteria of 3 pCi/l;
however, no existing water supplies are affected.
The constricted
configuration of the harbour prevents rapid mixing of the river waters
with the North Channel.
Levels of radium entering the harbour (measured at 8.4 km upstream
of the river mouth) have been diminishing significantly since 1966 when
an annual mean of 10.5 pCi/l was recorded.
The 1974 level was to 5.4
pCi/l.
The downward trend is attributed primarily to natural decreases in
river flows, but also reflects a decrease in mining activity, reuse of
process waters, and barium chloride treatment of the tailings areas.
Significant increases in river flow may potentially reverse the observed
downward trend.
Further discussion of the problem is presented in Appendix D.
St. Marys River. In 1975 there were continued violations of the IJC
phenol and microbiology objectives and the Ministry of Environment
drinking water criteria for cyanide; however, improvements in water
quality were noted.
A change in the type of coal used in coke production at Algoma
Steel Corporation led to a significant reduction in phenol levels in the
river. Still, levels up to 24 ug/l are observed immediately downstream
of the Algoma outfall and the IJC objective is generally violated over a
stretch extending to 13 km downstream and approximately 100 m from
shore.
The occurrence of cyanide levels averaging 0.28 mg/l (MOE drinking
water criteria is 0.2 mg/l) to a distance of 0.3 km downstream of the
Algoma outfall does not represent a threat to water supply. Toxicity to
aquatic life in combination with phenolics and free ammonia is a matter
of concern.
summer and fall of 1975 along the city's central waterfront area and for
a short distance downstream of the municipal sewage treatment plant
outfall.
1
Fecal coliform and total coliform objectives were violated in the
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 Lake Erie
Detroit River. The Detroit River Monitoring program used 1975 water
year data to define water quality problem areas in the Detroit River.
In the program, Michigan samples 54 stations at 10 ranges or cross sections
(Figure 1:7). Sampling frequency is monthly from May through November.
On the six cruises possible in 1975 approximately 30 parameters
were sampled regularly at each station.
The assembled data were screened and compared to the objectives
established by the 1972 Canada — U.S. Water Quality Agreement. The
parameters and their limits are as follows:
TABLE 1:9
WATER QUALITY AGREEMENT OBJECTIVES EVALUATED IN THE DETROIT RIVER
Parameter Maximum Value Allowed
 
l. Fecal Coliform Density 200 counts/100 ml (geometric mean)
2. Dissolved Oxygen 6 mg/l OMinimum)
3. Phenols* Any detectable amount (>O.5 ug/l)
4. pH 6.7 to 8.5 (range)
5. Total Iron 300 ug/l
6. Chlorides 50 mg/l (Michigan Standard)
7.; Total Dissolved Solids 200 mg/l
*The Water Quality Agreement states that "phenols and other objectionable
taste and odor producing substances should be substantially absent”.
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TABLE 1:10
    
              
Detroit
River Water
()ua1itv
Monitorinu
StaLinns
which
Exvvuded
International
JoinL
Commission
Objectives
101‘
ﬁn
L’ Lakc
Water
Quah'lv
PERIOD (11" RECORD — WAIER YEAR 1975
Fecull
Dissulve"
Iron
Total Dissolved
-Collform
oxygen
P11911015
1111
Total
Solids
Chlnrldc'
(Counts/100
m1)
(mg/1)
(,.g/1)
(I'nl’LS)
(mg/1)
(mg/1)
(mg/1)
STATION
Viol.
Mean
Mean
1’101.
Mean
Mean
V10 7 Mean
Mean
Max.
Min.
Mean
Mean
‘10.1n Mean
[131.
Mean
‘1L‘Jn
NL‘MBER
Samp. Vin.
Samp.
Samp. Vic.
Samp.
Samp. \‘in. Samp.
Samp. V10. V10.
Samp. V10.
Samp.
Samp. Vio. Samp.
Samp. Vin. Samp
Range 30.81.]
820413
0/6
0/5
2/3
4.8
3.8
0/6
1.6
1.6
0.4
0/6
0/6
820059
0/6
0/5
2/3
6.0
3.3
0/6
2/6
0.8
0.4
0/6
0/6
820060
0/6
0/5
2/3
7.0
5.5
1/6
8.6
0/1
0/6
0/6
820061
0/6
0/5
2/3
2.2
2.2
0/6
0/1
0/6
0/6
8130062
0/6
0/5
2/1
3.5
3.0
0/6
1/6
.6
0.3
0/6
0/6
820414
0/6
0/5
2/3
3.2
2.8
0/6
2/6
.5
.3
0/6
0/6
820063
0/6
0/5
2/3
1.5
3.0
0/6
1/6
.5
.3
0/6
0/6
Ramle 30.71:
000001
0/6
0/3
1/2
1.5
1.8
0/6
3/6
.4
.1
0/6
'1/6
000002
0/6
0/5
0/2
0/6
3/6
.9
.5
0/6
0/6
000004
2/6
1700
190
0/5
1/2
2.0
2.0
0/6
5/6
.5
.4
0/6
0/6
Range 20.6
820049
2/6 2800
540
0/5
0/0
0/6
3/6
.8
.5
0/6
0/6
820051
2/6
2700
300
0/5
0/0
0/6
1/6
.9
.3
0/6
0/6
820054
0/6
0/5
0/0
0/6
1/6
.6
.3
0/6
0/6
000006
0/6
0/5
0/0
0/6
2/
.5
.3
0/6
0'6
0000013 5/6
847
670
0/5
0/0
0/6
3/6
.5
.3
11/6
11/6
Range 19.0
820256
5/6
2900 1840
0/5
2/2
5.5
5.5
0/6
3/6
.8
.5
0/6
0/6
820258
1/6 10000
215
0/5
2/2
4.0
4.0
0/6
2/6
.6
.3
0/6
0/6
820261
1/6
1400
160
0/3
2/2
3.3
3.3
0/6
1/6
.6
.3
0/6
0/6
000009
0/6
0/5
2/2
3.3
3.3
0/6
1/6
.7
.3
0/6
0/6
000011
1/6
220
130
0/5
2/2
2.3
2.3
0/6
3/6
.3
.4
0/6
0/6
000014
4/6
1530
620
0/5
2/2
3.8
3.8
0/6
5/6
.4
.4
0/6
0/6
Range 17.0E
000015
1/6
300
130
0/5
2/'7
1.8
1.8
0/6
0/1
0/6
0/6
000016 2/6
350 220
0/5
2/2
4.0 4.0
0/6
2/6
0.4
0.3
0/6
0/6
000017
5/6
940
650
0/5
2/2
3.5
3.5
0/6
6/6
0.4
0.4
0/6
0/6
’ ' W 7 "1
Ramze 14.6w
820038 5/6 1560 990 0/5 2/2 8.5 8.5 0/6 0/1 1/6 .205 164 0/6
820041 4/6 1480 660 0/5 2/2 8.0 8.0 0/6 4/6 .6 .5 0/6 0/6
820043 2/6 880 230 0/4 2/2 1.5 3.5 0/6 2/6 .6 .1 0/6 0/6
820416 4/6 480 320 0/5 2/2 4.5 4.5 0/6 1/6 .7 .1 0/6 0/6
820044 2/6 H60 250 0/5 2/2 3.0 3.0 0/6 1/6 .6 .3 0/6 0/6
820043 0/6 0/5 2/2 2.8 2.8 0/6 2/6 .5 .1 0/6 0/6
820786 0/6
0/3
1/2 2.1 2.0 0/6
2/6
.4 .3 0/6
0/6
1mm. 12.0w
820032 0/6
0/5
1/1 6.0 6.0
0/6
6/6
.7 .7 0/6
0/6
820034 3/6 750 270
0/5
1/1 7.5 7.5 0/6
5/6
,6 .5 0/6
0/6
820036 3/6 1460 480
0/4
1/1 6.0 6.0
0/6
5/6
.5 .4 0/6
1 0/6
77
Range 9. 31-1
820197 4/6 750 380 0/5 1/2 6.5 3.? 0% 5/6 .4 .3 0/6 1 0/6
820399 2/6 770 220 0/5 2/2 3.3 3.3 0/6 3/6 .3 .4 0/6 0/6
000020 1/6 306 120 0/5 2/2 2.5 2.5 1/6 8.6 1/6 .3 .2 0’6 11/?»
000012 0/6 0/5 2/2 2.5 2.5 0/6 2/6 .3 .2 0/6 0/6
000021 2/6 770 220 0/5 3/2 3.5 3.3 0/6 3/6 .1 .1 0/6 1 0/6
000 2/6 630 200 0/5 2/2 3.5 3.5 0/6 4/6 .5 .4 0/6 0/6
R.1n.;v 8.711
1
820026 2/6 648 180 0/5 1/1 4.5 4.5 0/6 5/6 1.1 .9 0/6 0/6
1120028 4/6 1110 300 0/3
1/1 5.0 3.0 0/6
4/6
.9 .8 11/6
0/6
820030 5/6 850 590 0/5 1/1 7.0 7.0 0/6 5/6 .7 .6 046 0/6
2320011 3/5 1180 440 0/3 1/1 4.5 4.3 0/5 3/5 .7 .5 0/6 11/5
2H... , ,, 2 , 221*, 22,2, ,2, , 2 2.2.2 . .... .2 . . . 2., .. . .
Ranuc 3.9
820011 2/6 1020 220 0/5 3/3 3.2 3.2 0/6 6/6 .‘1 .9 1/6 205 184 0’6
1120015 4/6 74 380 0/5 2/3 3.5 3.0 0/6 5/6 .6 .5 0/6 0/6
820016 6’6 840 840 0/5 2/3 3.0 2.7 0/6 5/6 .6 .5 0/6 0/6
8301117 4/6 950 430 0/5 2/3 2.5 2.1 0/6 5/6 .s .3 0/6 0/6
2120018 2/6 1240 230 0/5 2/3 2.0 2.0 0/6 4/6 .4 .1 0/6 0/6
800024 0/6 0/5 2/3 1.5 1.3 0/6 2/6 .5 .1 0/6 0/6
000025 3/6 330 180 0/5 2/3 2.3 2.2 0/6 1/6 .4 .3 0/6 0/6
000025 1/6 300 120 0/5
1/2 2.0 2.0 0/6
2/6
.4 .1 0/6
0/6
000027 0/6 0/5 2/3 2.0 2.0 0/6 2/6 .4 .1 0/6 0/6
000029 2/6 300 160 0/5
1/2 5.0 3.5 0/6
2/5
‘4 -‘r 0/5
0“)
 
1 . ..
’GEOmECl’lC mean for co11mrms.
'(Jhloridc is a Michigan standard. max. limit is an 61/1,
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 TABLE 1:11
WATER
QUALIT
Y OF R
ANGE 3
0.8w +
30.7E
LOCATE
D AT T
HE HEA
D OF T
HE DET
ROIT R
IVER
Data f
rom th
e Detr
oit Ri
ver Mo
nitori
ng Pro
gram c
arried
on by
Michig
an wer
e
used to p
repare th
e table b
elow. Ap
proximate
ly ten st
ations ac
ross the
range wer
e used in
calculati
ng the av
erages fo
r each Wa
ter Year.
Lake St.
Clair wat
er qualit
y is repr
esented a
t this ra
nge, whic
h is appr
ox—
imately 3
0.8 miies
above the
Detroit R
iver mout
h.
MEAN DAIL
Y CONCENT
RATION —
WATER YEA
R BASIS
Water
Water
Water
Water
Water
Water
Water
Water
Water
Year
Year
Year
Year
Year
Year
Year
Year
Year
PARAMETER
67
68
69
7O
71
72
73
74
75
Phenols
1.7
1.2
1.0
1.0
1.2
0.6
0.7
1.3
2.6
(Hg
/l)
Total Iron
0.560 0.430
0.690 0.330
0.260 0.400
0.320 0.290
0.347
(
m
g
/
l
)
5
9
Chloride
9
10
ll
10
9
9
9
9
9
(mg/l)
Sol. Phos
phorus
<0.01
0.01
0.04
0.01
0.01
0.01
0.01
0.01
<0.01
(mg
/l)
Tot. Phosphorus
N.A. 0.08
0.11 0.06
0.03 0.04
0.05 0.03
0.02
(mg
/l)
Ammonia N
itrogen
0.01
0.02
0.04
0.01
0.16
0.04
0.02
0.01
0.01
(
m
g
/
l
)
Nitrate Nitrogen
0.10 0.16
0.26 0.10
0.11 0.15
0.12 0.24
0.34
(mg/l)
pH (low value/
6.8/8.4 7.6/8.
1 6.9/8.6 7
.7/8.4 7.4/8.7
7.6/8.9 7.6/8.
3 7.9/8.8 7.7
/8.5
high
value
)
Diss. Oxygen
10.1 9.2
9.0 8.4
8.5 9.3
8.0 9.5
10.3
(mg
/l)
 
N.A. — Not Analyzed.
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3
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1
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So
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7
0.
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0
.
0
4
0
.
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)
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0.13
0
.
0
8
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0.
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0.
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en
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0.
17
0
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w value
/
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7
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8
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3
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TABLE 1:1)
LOADI
NGS T
O THE
DETRO
IT RI
VER F
ROM L
AKE S
T. CL
AIR
Data
from
the D
etroi
t Riv
er Mo
nitor
ing P
rogra
m car
ried
on by
Michi
gan w
ere u
sed t
o pre
pare
the
table
below.
The t
able
shows
the m
ean d
aily
loadi
ng ra
te of
ten w
ater
quali
ty pa
ramet
ers a
t the
head
range
of th
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between the head and mouth at range 3.9. This can be shown by comparing
the individual loading rates of Tables 1:13 and 1:14. Since 1968,
phosphorus concentrations and loadings to Lake Erie have generally
declined. However, during WY 1975, the phosphorus flux increased in the
river more than two times over WY 1974. The net increase of phosphorus
loading rate between the head and mouth was 11,700 kg/day for WY 1974
and 25,600 kg/day for WY 1975. The nature of the increase is not readily
apparent since no single area of the river experienced the greatest
increase, and no individual point source was responsible. It is
suspected that localized heavy storms occurred more often in 1975 than
1974 and caused existing combined sewer to overflow directlyinto the
Detroit River. The other eight parameters have experienced more pronounced
fluctuations over the past nine years, and trends are not immediately
apparent.
Data from industrial, municipal and tributary monitoring programs
carried out by Michigan and Ontario were used to formulate the Detroit
River Loading Budget for 1975 in an attempt to develop a materials
balance. Table 1:15 indicates the input of municipal, industrial and
tributary loadings between the head and mouth of the Detroit River for
six water quality parameters and flow during Water Year 1975. The sum
of t
hese
load
ings
is c
ompa
red
to t
he i
ncre
ase
of t
hese
mate
rial
s fr
om
the head to the mouth of the river. The total input accounted for is
expressed as a percentage of that increase.
Entries in this schematic diagram represent all the data currently
avai
labl
e bu
t no
t ne
cess
aril
y al
l th
e in
puts
to t
he r
iver
. M
any
othe
r
poin
t s
ourc
es
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were
not
samp
led
due
to
fund
ing
cut
bac
ks
in
Michigan's Detroit Industrial Sampling Program.
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r b
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TABLE
1:15
DETROIT RIVER LOADING
BUDGET FOR WATER YEAR
1975
CANADIAN SOURCES
Parameter Industrial Municipal Tributary TOTAL
Total Phosphorus N.A. 111 105 220 All Ynits are expressed in kilograms per
Total Nitrogen 4281 1,811\ 1,020 3,260 day (kg/day) except flow.
Dissolved Solids 4
,930,000 12,1007
139,000 5,080,00
0
Chlorides 2,760,000 12,100 24,800 2,800,000 Detroit River Flow = 6640 mi/SEC
Phenols
8 N.A.
N.A. 8
Total Iron
212 N.A.
N.A. 212
Flow (ma/SEC) 6.8 0.05 3.2 10
      
Increase from Total Input
ParamEter Head to Mouth Accounted for Z
   
Total Phosphorus
25,600 16,000
63
Lake Lake Total Nitrogen 105 000 9 360 9
DETROIT RIVER ’ ’
St. Clair Erie Dissolved Solids 9,500,000 6,480,000 68
<-~
Chlorides
4,050,000 3,750
,000 93
Phenols (200 decrease) 728 100
Total Iron 48,000 50,200 100
    
AMERICAN
SOURCES
   
Parameter
Industrial
Municipal
Tributary
TOTAL
Total Phosphorus 89 14,500 1,130 15,800
Total Nitrogen 2,400 12 3,600 6,000
Dissolved Solids 520,000 636,000 340,000 1,400,000
chlorides 211,000 636,000 84,400 931,000
Phenols 190 510 18 720
Total lron 6,380 43,000 500 50,000
Flow (mE/SEC) 120 43.3 19 182
      
Ammonia Nitrogen
Chloride portion of Dissolved Solids
N
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 Numerous water quality standards violations have been measured in
the mainstream of the Ashtabula River from mile point 2.2 to the mouth.
These conditions have been largely traced to the inflow of Fields Brook
at abOut mile point 1.5 and a sanitary sewer bypass located near East
24th Street in Ashtabula. During 1973 surveys were conducted in April,
late June, late July, and August at flows of 16.0, l3.3, 2.75 and 2.45
cfs respectively. The results of these surveys indicate that meteorological
conditions, particularly wind direction, have a major impact on water
quality in the lower river.
in July at a low flow of 2.75 cfs and a wind out of the southeast
the lower river was in compliance with all of the chemical standards and
temperature standards but bacterial standards in the river were violated.
in August at a similar low flow of 2.45 cfs but with a wind out of the
northeast, the river water backed—up in the lower river and standards
were violated in the lower river and even upstream from Fields Brook at
mile point 2.2. Standards violations under these conditions include
dissolved oxygen, temperature, cadmium, bacterial densities, and lead.
Concentrations of numerous other contaminants are increased in this
reach under these conditions.
I:a_k§.i031£éiti,9 -
A discussion of the major problem areas associated with Lake Ontario
is presented in the "Existing Conditions and Recent Trends in Problem-
[mpacted Areas” section of this Appendix.
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 ASSESSMENT
OF
WHOLE
LAKE
PROBLEMS
Water
quality
objectives
which
are
not
being
met
in
the
open
waters
of
the
Great
Lakes
are
referred
to
as
HWhole
Lake
Problems”
(see
Figure
lzl).
An
assessment
of
the
significant
problems
which
occur
within
the
open waters follows.
Due
to
the
severely
degraded
conditions
within
the
Lake
Erie
Basin,
special
consideration
and
emphasis
is
given
to
the
water
quality
in
that
lake.
Lake Erie
A
detailed
assessment
of
Lake
Erie
was
included
in
the
1974
Water
Quality
Board
Annual
Report.
Since
the
lake
experiences
acute
water
quality
degradation,
an
annual
assessment
of
certain
parameters
is
required.
An
annual
surveillance
program
has
been
implemented
which
monitors
the
oxygen
condition
as
well
as
the
nutrients
and
chlorophyll
levels in the lake.
Central
and
Western
Basin.
Each
year
in
late
spring,
the
central
basin
undergoes
thermal
stratification.
Comprehensive
surveys
of
the
hypolimnion
since
the
late
1950's
have
shown extensive areas
of anoxia
(dissolved
oxygen ‘1 ppm) occur in late summer.
The size of the anoxic region
reached its
maximum
in 1973
and
1974 with
areas
of
11220 Km;
and
10250
sz,
respectively.
In 1973,
the anoxic
region comprised
94 percent
of
the
hypolimnion
and
70
percent
of
the
entire
central
basin.
 
In 1975,
a dramatic
reduction
in
the anoxia occurred.
Only
a
relatively small portion of the basin experienced complete anoxia
(approx—
imately 400 Km?)
shown in Figure 1:12.
Other areas of the basin which
experienced oxygen depletion are indicated in this figure.
An analysis of the physical and chemical parameters
in the hypolimnion
suggest that the area of anoxia may result from an interraction of the
following factors:
1. Depth of the water column in the hypolimnion, and
2. The rate in which oxygen is depleted from the water.
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 Compared
with
previous
years,
the
1975
thermocline
established
close
to the
surface
which
provided
a greater
depth
in
the hypolimnion
(Table 1:16).
The most plausible explanation for the deep hypolimnion
involves
the meteorological
conditions
at
the
time of
thermocline
formation.
Monthly
air
temperatures
and
wind
recordings
at
Toledo,
Ohio,
indicate
that
in 1973 and
1974
the warming
from April
to May
was
approximately
7°F,
whereas
in 1975
the air
temperature
increased
20°F
during
the
same
period.
During
the
spring months
the wind
speeds
were
considerably
lower
in 1975
(25
percent
slower
in May).
It appears
that
a calm, rapidly warming spring can cause the thermocline to be fixed
higher
in the
water
column
yielding a thicker
hypolimnion.
This
infor—
mation leads to the preliminary conclusion that spring weather conditions
can greatly influence
the
thermal
structure
of
Lake
Erie.
The characteristics of the central basin hypolimnion for 1973, 1974
and 1975 are compared in Table 1:16.
The rate of oxygen
demandper unit
area showed a sizeable increase in 1975.
However, the rate of oxygen
demand per unit volume has remained fairly constant over the last three
years.
A review of historical data shows that a marked increase in the net
oxygen demand has occurred in the central basin (Table 1:17). The rate
per unit volume in 1930 was 0.054 mg 02/1/day compared to the reported
high value in 1970 of 0.13 mg Og/l/day. The oxygen demand rate has more
than doubled over the forty year period.
The relatively small area of anoxia occurred in 1975 as a result of
the unusually warm spring. The larger hypolimnion made more oxygen
available for consumption. Before the entire basin experience became
anoxic, the fall turnover occurred which replenished the water with a
new supply of oxygen. A much greater area of anoxia would have occurred
in 1975 if the hypolimnion had not been so large.
 
Nutrient data from the 1975 surveillance program show a profound
decrease in the amount of nutrients regenerated when compared with 1974
results. In the mid—lake northwest of Cleveland in 1974 the concentration
of soluble reactive phosphorus (SRP) was 68.5 ug/l under anoxic conditions.
In 1975, the hypolimnetic concentrations of SRP did not exceed 2.1 ug/l
in this area because oxic conditions prevailed. After turnover and
substantial mixing of the lake, the 1975 concentration of SRP at this
point was only 22 percent of SRP after turnover in 1974. However, 15
km north of Cleveland the oxic microzone at the sediment/water interface
was interrupted by anoxic conditions allowing the sediments to be reduced.
Regeneration at this point resulted in a SRP concentration of 16.7 ug/l
during Cruise 4. In 1974, approximately 2100 metric tons of total phosphorus
were regenerated into the central basin hypolimnion. Based on the 1975
results, it is estimated that a 38 percent reduction in total phosphorus
loading from this source was realized.
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TABLE 1:17
TREND IN NET OXYGEN DEMAND OF THE
CENTRAL BASIN HYPOLIMNION OF LAKE ERIE
 
 
%
NET OXYGEN @1992
Rate Per Unit Area Rate Per Unit Volume
(mg 02 CIn‘2 day "1) (mg 02 1_1 day "1)
1930 0.008 0.054
1940 0.015 0.067
1950 0.025 0.070
1960 0.037 0.093
1970 0.039 0.13
1973 0.023 0.12
1974 0.047 0.11
1975 0.067 0.12
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ph
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n
and
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ra
l
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e
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in
197
5
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en
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mp
ar
ed
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th
197
4
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ur
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en
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(Fi
gur
e
1:1
3).
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197
4,
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pr
ox
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at
el
y
210
0
me
tr
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s
of
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os
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re
re
ge
ne
ra
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d
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om
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nt
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l
ba
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n
sed
ime
nt.
In
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5,
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a
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ult
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the
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du
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d
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ea
of
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xia
,
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s
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n
130
0
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tr
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ton
s
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e
re
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ed
fro
m
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di
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s
by
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s
pro
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s.
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eve
r,
rou
gh
lak
e
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nd
it
io
ns
aft
er
ov
er
tu
rn
re
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lt
ed
in
an
ad
di
ti
on
al
35
00
to
ns
of
ph
os
ph
or
us
to
be
re
su
sp
en
de
d
fr
om
the
sed
ime
nts
.
In
ad
di
ti
on
,
the
lo
ad
in
g
fro
m
the
De
tr
oi
t
Riv
er
in
cr
ea
se
d
by 2500 kg/day or 8 percent from 1974.
Dur
ing
the
per
iod
197
3—1
975
chl
oro
phy
ll
a
con
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tra
tio
ns
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n
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ce
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ra
l b
as
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s
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Lak
e
Eri
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e
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d
(Fi
gur
e
1:1
4).
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ak
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at
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n
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lum
e
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n
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si
n
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n
fro
m
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at
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3
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l
in
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5.
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ra
l
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n
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at
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n
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s
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l.
A
si
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r
in
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ed
in
thi
s
pea
k,
fro
m
8 n
g/l
in
197
3
to
10
ug/
l
in
197
5.
In
te
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ed
ia
te
co
nc
en
tr
at
io
ns
wer
e
found in both basins in 1974.
Vo
lu
me
we
ig
ht
ed
qu
an
ti
ti
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of
ch
lo
ro
ph
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l
3
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o
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cr
ea
se
d
in
the
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er
n
and
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l b
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m
197
3
to
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5
(Fi
gur
e
1:1
4).
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l q
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y
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n
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n
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n
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Ea
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er
n
Bas
in.
No
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er
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e
cha
nge
s
in
D.O
.
lev
els
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nt
in
the
Eas
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n B
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n
in
197
5
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m t
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vio
us
yea
rs'
dat
a.
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co
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the
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n
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n
50
and
65
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t
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n
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rat
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r
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tim
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s
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ble
1:1
8).
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ppe
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d
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be
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er
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the
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n b
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n
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How
eve
r,
dif
fer
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fre
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the
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a
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t
to
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erp
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.
Ave
ra
ge
ea
st
er
n
ba
si
n
chl
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phy
ll
a
con
cen
tra
tio
ns
are
sho
wn
in
Fig
ure
1:1
5.
Yea
rly
mea
n
tot
al
pho
sph
oru
s
con
cen
tra
tio
n
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wed
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sig
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cha
nge
fro
m
197
3
to
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5
in
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-ep
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mid
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pth
,
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bot
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nc
en
tr
at
io
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.
The
sur
fa
ce
co
nc
en
tr
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io
n
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a
de
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m
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3
to
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4
of
.03
0 u
g/l
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.02
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se
to
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4
ug/
l
in
197
5
(Table 1:19).
Cladophora
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k
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sur
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n
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t
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d
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sof
t
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s
in
lit
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do
not
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por
t t
he
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Cla
dop
hor
a g
row
ths
due
to
the lack of firm support.
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TABLE 1:18
TRENDS IN NET OXYGEN DEMAND OF THE
EASTERN BASIN HYPOLIMNION OF LAKE ERIE
NET OXYGEN DEMAND
Rate Per Unit Area
Rate Per Unit Volume
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 TABLE 1:19
YEARLY MEAN TOTAL AND DISSOLVED PHOSPHORUS
IN THE EASTERN BASIN OF LAKE ERIE
Yearly Mean Total Phosphorus (mg P/l)
Mid—Epilmnion
 
Surface or Mid—Depth Bottom
1973 0.030 0.023 0.025
1974 0.020 0.022 0.025
1975 0.024 0.023 0.026
Yearly Mean Dissolved Phosphorus (mg P/l)
Mid-Epilmnion
Surface or Mid-Depth Bottom
l973 0.005 0.006 0.008
1974 0.006 0.007 0.008
1975 0.007 0.007 0.006
77
   
   
Phosphorus is widely believed to be the key nutrient limiting
Cladophora growth in the Great Lakes.
It has recently been demonstrated
by Wong and Clark (1976) that phosphorus levels of 0.06 mg/l or higher
in a river environment will result in the maximum growth rate of CZadOphOPa
however, total biomass and dissolved oxygen levels resulting from CZadOphOPa
growth cannot be predicted from nutrient levels alone because factors
such as light penetration, available substrate, and temperature will
also affect growth.
(No significant correlation was found between the
nitrogen concentration in the water with the nitrogen concentration in
CZadophoPa tissues).
As the level of fertility in the lakes increases,
the areas influenced by the algae become more extensive and fringe
growths are established and
algal growth continues until nutrients
within a whole
basinreach a level that will support heavy growths on
all suitable substrates.
The growth of CZadophora generally begins in May and fluorishes
until
earlywinter when temperature and light become unfavorable for
continued production.
In the lower Great Lakes the first rapid growth
begins in May and June but the algae do not increase in length until
growth is renewed at the end of July and August.
The CZadophora mats can become detached from the bottom substrate
and float to the surface.
Transported by wind and wave action, large
masses of the algae may be washed ashore on sheltered beaches, around
piers, or cast on shelving rock and breakwalls.
Shoreline accumulations may vary in depth from a few centimeters to
one meter, and from a narrow band at the water's edge to fifteen or
more meters in width on the beach areas.
As the material comes ashore,
it may remain concentrated in a woolly mass extending to 30 meters out
into the water.
If a change in wind direction or shoreline currents does
not move it off, it will decompose over a period of several days.
The
dried algae is not particularly offensive, but it is always associated
with a large number of small dipterous flies.
When CZadophora decomposes,
it turns black and emits a pungent pig-pen odour which is often mistaken
for sewage pollution.
Beaches, if not cleaned, may remain in this
condition for most of the summer and be essentially unused.
Distribution in Lake Ontario.
In the early 1960's, several attempts
were made to calculate CZadOphora distribution by aerial photography in
western Lake Ontario.
At that time 9.2 km2 (2,292 acres) of growth were
estimated to be present within the 3.05 m (10 ft.) contour between
Toronto and Hamilton. Neil and Owen
(1964) noted that in August, 1963,
47 of 153 kilometers of shoreline east of Toronto were affected by
CZadophora accumulations.
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 During the IFYGL year (1972), an effort was made to determine
CZadophora distribution in Lake Ontario using remote sensing techniques
supported by ground truth studies in representative areas covered by the
overflights. In the U.S., these studies were conducted under EPA contract
by the Environmental Research Institute of Michigan, and the ground
truth data was collected by the State University College of New York at
Oswego and Buffalo.
Canada undertook a similar study of its shoreline using true color
photography. Several overflights were completed, using aircraft and
photographic equipment supplied by the Canada Centre for Remote Sensing.
Ground truth information was collected at seven locations between
Oakville and Amherst Island one to three times during the summer.
A summary of the U.S. and Canadian studies is presented later in
this report in the detailed assessment of Lake Ontario.
Distribution in Lake Erie. Much less information is available on the
distribution of CZadophOPa in Lake Erie and no similar attempt has been
made to map distribution by remote sensing techniques on a lakewide
basis. Taft and Kishler (1973) provided a detailed description of
CZadophora in the Island areas of western Lake Erie from observations
made between 1965 and 1971. Their studies indicate that Cladophora beds
covered thirteen square kilometers on shoals surrounding the Islands.
Much of the shoreline in the central and western basins of the lake
consists of eroding banks, so suitable substrate areas are not continuously
available and CZadOphOPa is not produced in problem quantities. The
eastern basin, however, has extensive areas of shelving rockand luxuriant
beds grow on all suitable substrates.
Taft and Kishler note that only one beach in the Islands area is
regularly affected by heavy shore accumulations of algae; others are
affected intermittently. Beaches on the Canadian side of the eastern
basin are subject to continuing problems each summer over extensive areas
of shoreline. Neil and Owen (1964) reported that on July 17, 1963,
50 percent of the shoreline from Fort Erie to Port Maitland (80 kilometers)
had CZadophora accumulations, some 16 m wide and 0.75 m deep. Sweeney
(personal communication) described similar conditions affecting shorelines
from Erie, Pennsylvania to Buffalo.
Distribution in Lake Huron. A description of the distribution of
Cladophora on the U.S. side of Lake Huron has been provided by John
Robinson of the Michigan Water Resources Commission from observations
made at the end of August, 1974. He concludes that little growth
occurred along the Huron shoreline from Tawas City north, except in
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localized areas. From Tawas City to Bay City, CZadophora was observed
to grow abundantly wherever suitable substrate was present, but no
accumulations were observed on beaches. The southeasterly shore of
Saginaw Bay from Bay City to Caseville is marshy, but east of Caseville,
luxurious growths were present on breakwaters around the thumb and south
to Harbour Beach. No growths of significance were noted south of Pt.
Sanilac. It would appear that growths are stimulated by local enrichment
in Saginaw Bay and that they extend south for a few kilometers down the
Huron shoreline.
The Canadian shore of Lake Huron supports CZadOphora growths in
local areas subject to point sources of enrichment. Moderate to heavy
growths have occurred at Goderich, Douglas Point and Port Elgin, and
lesser growths have been observed in the vicinity of Pt. Clarke,
Kincardine and Southhampton.
Distribution in Lake Michigan. The literature and personal contacts
made provided only qualitative informationon growth areas in Lake
Michigan. No attempt appears to have beenmade to obtain information
on a lakewide basis by remote sensing or other means.
 
Growth areas have been reported in lower Green Bay in the vicinity
of the discharge of the Fox River, and extending along the shores of the
Bay toward the lake in diminishing quantities (observation by Fitzgerald).
Information published indicates that CZadophOPa exists in nuisance
quantities on the west side of the lake from Manitowoc south to Kenosha,
a distance of about 153 kilometers. This report was confirmed in
discussions with Blum who had made personal observations during a survey
of the area using scuba gear.
Descriptive information of conditions along the southeastern shore
was made available by John Robinson. A survey made in 1966 indicated
that 96 kilometers from South Haven north to Pentwater were interimittently
affected by light growths of CZadophora which did not create severe
problems. It is interesting to note that at that time a major problem
was caused by Spirogyra, an uncommon nuisance alga in the Great Lakes.
CZadOphOPa growths have been reported at the north end of the lake in the
vicinity of Traverse City.
Distribution in Lake Superior. CZadophora is not widely distributed
in Lake Superior, but these have been reports of minor growths in the
vicinity of Ashland, Wisconsin and Thunder Bay, Ontario. Lake Superior
is still an oliogotrophic lake and the level of nutrients is undoubtedly
well below the concentration necessary to support extensive growths of
CZadophora.
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Fish Contaminants
Attention was drawn to the presence of persistent contaminants
in fish in the 1960's and environmental agencies in Great Lakes states
and Canada have been monitoring the most common types, namely chlorinated
hydrocarbons and mercury, since that time. Unfortunately, there has not
been an overall design for surveillance of fish contaminants in the
Great Lakes and, in most cases, information suitable for interpretation
of significant trends is not available. With the exception of the
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Table 1320 Mean mercury concentrations (ppm) in Lake St. Clair fishes.
Z De
clin
e
Species
1970 1971 1972 1973 1974 1975 1970—1975
1971-1975
Walleye
2.3 1.8 1.4 1.1 1.2 0.8
65
Northern Pike
4.4 4.9 4.4 2.7 2.5 1.8
60
8
2
Channel catfish 1.4 1.7 1.3 1.0 0.9 0.7 54
White bass 2.2 2.4 1.9 1.2 0.8 0.7 68
Bluegills
2.2 1.7 1.2 0.9 0.8 0.7 68
Rock bass ——— 4.1 2.2 1.1 1.1 0.8
80
Carp
——— 1.6 1.1 0.9 0.7 0.6
62
Freshwater drum
-— 1.3 0.7 0.9 0.6 0.8
38
 
Yellow perch
———
—v—
———0.6 0.4 0.6
-
   
 Lakes fish has been documented since the late 1960's. Best trend data
are those from Lake Michigan which show that concentrations in lake
trout continued to increase in 1974 (Table 1:21).
High concentrations of PCBs in fish continue to be reported from
Lake Ontario. A sample of mature coho salmon running into the Credit
River in the fall of 1975 contained concentrations of PCBs ranging from
2.6 to 23 ppm with a mean of 10.5 ppm. PCB levels in all fish in the
sample exceeded the 2 ppm guideline established by the Canadian Department
of Health and Welfare in November, 1975. In addition to all salmonid
spec
ies,
whit
e pe
rch,
rain
bow
smel
t an
d Am
eric
an e
el i
n La
ke O
ntar
io h
ad
some individuals with concentrations of PCBs in excess of 2 ppm.
Conc
entr
atio
ns i
n fi
sh f
rom
Lake
Erie
and
Lake
St.
Clai
r ar
e va
riab
le
and for most species are well below the 5 ppm USFDA guideline. 1975
leve
ls i
n ca
tfis
h an
d wh
ite
bass
from
both
lake
s ex
ceed
ed t
he C
anad
ian
guideline of 2 ppm. Although not in excess of 5 ppm, PCB residues
remain fairly high in Lake Huron fish, particularly salmonids with no
evi
den
ce
of
a d
own
war
d t
rend
.
Leve
ls
up
to
4.3
ppm
were
mea
sur
ed
in
the
edible portion of carp from Saginaw Bay.
In
the
Isle
Roya
le
area
of
Lake
Supr
ior,
PCB
con
cen
tra
tio
ns
in
lake
trou
t r
ang
ed
up
to
13.8
ppm.
Leve
ls
in
nea
rsh
ore
area
s o
n t
he
sout
h
side
ran
ged
up
to
4.3
ppm
for
lake
trou
t b
ut
were
con
sid
era
bly
less
than
the guideline for other species.
Des
pit
e t
he
vol
unt
ary
act
ion
in
1971
by
Mons
anto
, t
he
sole
PCB
man
ufa
ctu
rer
in
Nor
th
Amer
ica,
to
redu
ce
the
rel
eas
e o
f P
CBs
into
the
env
iro
nme
nt
by
lim
iti
ng
sal
es
to
clo
sed
—sy
ste
m u
ses
, r
esi
due
s o
f t
he
con
tam
ina
nt
do
not
app
ear
to
be
dec
lin
ing
in
Gre
at
Lak
es
fis
hes
.
DQ£
_
Bes
t
evi
den
ce
of
the
dec
lin
e
in
DDT
lev
els
in
Gre
at
Lak
es
fis
hes
is
in
Lak
e M
ich
iga
n w
her
e t
he
con
tam
ina
nt
is
bel
ow
the
5 p
pm
gui
del
ine
exce
pt
in
larg
e l
ake
trou
t (
Tabl
e 1
:21)
.
Mean
leve
ls
of
DDT
in
Lake
Mic
hig
an
blo
ate
rs
and
coh
o s
alm
on
dec
lin
ed
87
per
cen
t a
nd
68
per
cen
t
respectively between 1969 and 1974.
Th
e
tr
en
d
is
no
t
as
cl
ea
r
in
La
ke
Su
pe
ri
or
wh
er
e
co
nc
en
tr
at
io
ns
in
la
ke
tr
ou
t
fr
om
Ba
te
au
Ro
ck
,
Ke
we
en
aw
Po
in
t
an
d
Co
pp
er
mi
ne
ex
ce
ed
ed
5
ppm
.
Av
er
ag
e
va
lu
es
of
DDT
in
Lak
e
Sup
eri
or
fis
h
hav
e
not
de
cl
in
ed
fro
m
the
lev
els
re
po
rt
ed
pr
ev
io
us
ly
by
the
Gre
at
Lak
es
En
vir
on
me
nt
al
Co
nt
am
in
an
ts
Survey.
1
.
1
.
u
.
.
.
.
U
.
Al
l
re
ce
nt
an
al
ys
es
of
fis
h
fro
m
Lak
e
Hur
on
ind
ica
te
no
vi
ol
at
io
ns
of
th
e
5
pp
m
gu
id
el
in
e,
al
th
ou
gh
re
si
du
es
in
bl
oa
te
r
ch
ub
s
ra
ng
ed
up
to
4.
4
pp
m.
Si
mi
la
ri
ly
,
DD
T
co
nc
en
tr
at
io
ns
do
no
t
ex
ce
ed
th
e
gu
id
el
in
e
in
La
ke
St.
Cl
ai
r,
La
ke
Er
ie
an
d
La
ke
On
ta
ri
o
fi
sh
.
83
  
 
   
Table 1:21 Mean concentrations (ppm) of chlorinated hydrocarbons in Lake
Michigan fishes.
Spec
ies
& Ye
ar
Tota
l DD
T
Tota
l PC
Bs
Diel
drin
Bloater chub
1969 9.94 —-- 0.27
1970 9.87 ——— 0.19
1971 6.24 —-— 0.27
1972 4.33 5.66 0.18
1973 2.09 5.24 0.28
1974 1.33 5.57 0.28
Coho Salmon
1969 11.82 —-— 0.21
1970 14.03 ——- 0.12
1971 9.85 ——- 0.11
1972
7.17
10.9
3
0.13
1973 4.48 12.17 0.09
1974 3.82 10.40 0.10
Lake trout
1969 —-— --— —-—
1970
19.1
9
-——
0.27
1971
13.0
0
——-
0.20
1972 11.31 12.86 0.20
1973 9.96 18.93 0.27
1974 8.42 22.90 0.30
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 Dieldrin.
Although dieldrin was banned
from agricultural
use
in Ontario
in 1969 and
in
the U.S.
in 1974,
there does
not
appear
to be any
change
in
concentrations
in
fish
flesh.
Recent
analyses
indicated
that
concen—
trations in Great Lakes fishes were not above the 0.3 ppm USFDA guideline.
However,
residues
of
the
pesticide
in
Lake
Michigan
fish
were
just
below
the guideline where they have persisted since first measured
in the mid
1960's.
Other
Contaminants.
Information
on other
contaminants
in Great
Lakes
fish
(e.g.
chlordane,
HCB,
phthalates,
cadmium,
arsenic,
zinc,
lead and
nickel)
is scanty.
Elevated
levels
of heavy
metals
such as
zinc,
lead
and nickel have been
found
in habor
and
certain
inshore area
sediments
of Lake Huron and Lake Superior.
The presence of these contaminants in
fish and
sediments
indicates a need for more
controls
to prevent
their
loss to the environment and continued surveillance of their presence
in it.
Wildlife Contaminants
Reproductive Biology.
Past reproductive studies have shown that Lake
Ontario Herring Gull colonies have consistantly poorer breeding success
than other Great Lakes colonies (Gilbertson, 1974; Gilbertson and Hale,
1974; and Morris, CWS 1974), ranging from 0.44 chicks fledged per pair
on Muggs Island near Toronto to 0.06 chicks fledged per pair on Scotch
Bonnet Island near Brighton, Ontario.
In 1975, in an attempt to define the overall effect(s) of organo—
chlorine loads on breeding success, a study of Herring Gull reproduction
was initiated by the Canadian Wildlife Service to cover all the Canadian
Great Lakes. One colony was selected on each lake.
The reproductive success of Herring Gulls in Lake Ontario was only
l/lSth the overall production of the best Great Lakes colony. Significantly
more one egg clutches were observed; fewer of these eggs hatched, and
significantly fewer of the hatchlings survived 21 days than in any other
lake (Table 1:22). Gull colonies in Lakes Superior and Huron had good
success and resembled the profiles of control colonies outside the Great
Lakes. In 1975, no chicks survived to fledging (42 days) on the Scotch
Bonnet colony on Lake Ontario but the Lake Huron colony had 0.75-1.70
chicks survive per pair of adults.
An analysis of eggs that failed to hatch in each colony indicated
that the major problems on the Lake Ontario colony were disappearance of
eggs and failure of embryos to develop. Both of these problems appeared
in the Lake Erie colony where hatching was also reduced. The disappearance
of eggs suggests an adult behavioural component is involved, possibly
reduced nest site defence, egg breakage and/or nest abandonment. The
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 high
embryonic
mortality
implicates
poor
egg
incubation
and/or
the
presence
of
an
embryotoxic
substance.
The
possible
mechanisms
by
which
hatching
failure
can
be
induced
are
illustrated
in
Figure
1:16.
Embryonic
death
occurred
at
an
abnormally
high
rate
in
all
eggs
laid
by
Lake
Ontario
Herring
Gulls,
suggesting
the
presence
of
an
embryotoxic
agent.
Eggs
laid
by
Prince
Edward
Island
Herring
Gulls
were
successful
when
remaining
in
their
original
colony
and
success
was
reasonably
high
under
artificial
incubation.
When
placed
in
the
Lake
Ontario
colony,
the
hatching
success
was
nearly
as
poor
as
those
laid
by
the
Lake
Ontario
gulls.
Herring
Gull
eggs
collected
from
each
of
the
Canadian
Great
Lakes
in
1974
and
1975
revealed
that
organochlorine
levels
are
the
highest
in
Lake
Ontario
and
lowest
in
Lake
Erie
(Table
1:23).
PCB
and
Mirex
values
are
markedly
higher
in
Lake
Ontario
than
the
other
Canadian
Great
Lakes.
(Mercury
levels
are
also
higher).
Levels
of
DDE
and
PCBs
from
Lake
Michigan
eggs
are
higher
than
in
Lake
Ontario
eggs.
The
finding
of
high
levels
of
Mirex
in
Lake
Ontario
Herring
Gull
eggs
further
supports
the
recent
discovery
of
Mirex
in
fish
from
Lake
Ontario
(Kaiser,
1974).
Gulls
from
the
Pigeon
Island
in
Lake
Ontario
have
been shown
to
have
higher
levels
of
organochlorine
residues
and
lower
reproductive
success
than
the
other
Great
Lakes
(Gilbertson
and
Hale,
1974).
Canadian
Wildlife
Service
studies
have
demonstrated
that
adult
gulls contain
residues
of
fifteen
organochlorine
compounds
and
fourteen
polynuclear
aromatic
compounds
(PAH's)
in
their
tissues
(Table
1:24).
Of
the
organo—
chlorines
found,
PCBs
were
evident
in highest
concentration
followed
by
DDT
and
its
metabolites.
Mirex
approached
concentrations
of
DDT.
Accidental Spills
Niagara River.
The Niagara River's major oil and hazardous material
pollution
problems are
caused by the industries
in
the
Buffalo—Niagara
Falls area.
During 1975 there were 22 water quality accidents reported into
the Niagara River.
These spills involved 24,000 litres of oil;
3,800
litres of formaldehyde, 400 litres of xylene and 90 kilograms of lime.
St. Lawrence River.
St. Lawrence River is a prime area for spillage
caused by shipping accidents because of the large number of tankers
and freighters navigating in a restricted passageway.
A large spill,
even though reported to the proper authorities, would be difficult or
impossible to contain due to the swift river currents and the distant
location of any major cleanup contractor.
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 TABLE
1:23
PERSISTENT
TOXIC
SUBSTANCES
CONTENT
OF
HERRING
GULL
EGGS
COLLECTED
IN
1974
AND
1975
8
9
Total
DDT
Dieldrin
Hept.
Epox.
H
C
B
Mirex
PCB
Mercury
Lake
Superior
'74
'75
1
9
20
16.1+
(8.9—28.8)
21.5*
(
1
0
.
1
-
4
7
.
3
)
++
0.48
(0.20-0.84)
0.33*
(0.13—1.35)
0.15
(0.09—0.29)
0.15
(0.07-0.38)
0.12
(0.02—0.21)
0.08*
(0.02—0.18)
0.80
(0.30-2.56)
0.16
(0.20-5.20)
59.4
(35.6—104.0)
69.4
(33.4—148.0)
0.35
(0.16-0.49)
0.39
(0.22-0.63)
L
a
k
e
Huron
'74
'
7
5
2
0
2
0
16.2
(8.4—42.4)
12.7
(9.0-32.6)
0.48
(
0
.
2
5
-
0
.
8
7
)
0.32*
(0.13—0.87)
0.15
(0.10—0.26)
0.07*
(0.04-0.18)
0.18
(0.11—0.42)
0.16*
(0.05—0.18)
0.82
(0.22~6.82)
0.2
7*
(0.06—2.01)
67.2
(35.3—118.0)
39.7*
(
1
5
.
4
-
7
5
.
5
)
0.20
(0.11-0.33)
0.25
(
0
.
1
3
—
0
.
5
0
)
Lake
Erie
'74
'75
2
0
22
6.8
(3.9—14.6)
7
.
4
(3.8—12.1)
0.34
(0.21-0.65)
0.29
(
0
.
1
0
-
0
.
6
9
)
0.16
(0.11-0.28)
0.13
(0.04-0.23)
0.14
(
0
.
0
7
-
0
.
3
1
)
0
.
0
9
*
(0.06-0.22)
0.49
(0.15-2.19)
0.29*
(0.14—0.73)
7
2
.
5
(42.6-110.0)
59.0*
(41.2-87.4)
0.21
(0.16-0.34)
0.
22
(0.11-0.35)
Lake
Ontario
'74
'
7
5
1
9
20
21.3
(9.1-37.0)
2
2
.
3
(11.1-38.9)
0.43
(0.21-1.08)
0.25*
(0.08—0.85)
0.23
(0.07-0.36)
0.06*
(0.01-0.20)
0
.
2
5
(0.08-0.64)
0.12*
(0.01-0.40)
6.18
(2.15-18.6)
4.18
(l.95-10.0)
144.6
(77.1—234.0)
134.3
(73.8—261.0)
0.46
(0.29-0.89)
0.66*
(0.38-1.47)
        
 
 
+Ceometric
means
in
PPM
on
wet
weight
basis
++Range
based
on
10
egg
random
samples,
1
pet
clutch,
from
2
colonies
in
each
lake
*
Significantly
different
at
95%
level
 
  
 TABLE 1:24
+ ++
Res
idu
es
Ide
nti
fie
d
in
Lak
e O
nta
rio
Her
rin
g G
ull
s
 
l. Organochlorine Compounds:
a.
In
dus
tr
ia
l
Po
ll
uta
nt
s:
PCB
s
(Ar
och
lor
126
0)
(35
30
ppm
)
Mirex (220 ppm)
Photomirex+++ (84 ppm)
b.
Pe
st
ic
id
es
:
HC
B
(6.
7
ppm
)
beta—BHC (34.6 ppm)
pp'DDT (3.4 ppm)
PP'DDE (310 Ppm)
pp'DDD (1.8 ppm)
cis chlordane
trans nonachlora
photo—cis-nonachlor
oxychlordane
heptachlor epoxide (1.0 ppm)
monodechlorinated oxychlordane
dieldrin (5.6 ppm)
methoxychlor
(Val
ues
not
giv
en
for
sev
era
l c
omp
oun
ds
as
acc
ura
te
sta
nda
rds
are
not
yet
ava
ila
ble
)
II. Polynuclear Aromatic Hydrocarbons:
a.
Con
fir
med
:
nap
tha
len
e,
2—m
eth
yle
nap
tha
len
e,
ace
ton
apt
hal
ene
,
biphenyl.
b.
Ide
nti
fie
d:
ant
hra
cen
e,
2—m
eth
yl—
phe
nan
thr
ene
, p
yre
ne,
ben
z(a
)
flu
ore
ne,
me
th
yl
py
re
ne
,
be
nz
(a
)p
yr
en
e,
be
nz
(e
)p
yr
en
e,
pe
ry
le
ne
,
9, 10, diphenylanthracene, carbazole.
III
. N
o
org
ano
pho
sph
oru
s
com
pou
nds
wer
e
fou
nd
to
be
pre
sen
t
in
the
Her
rin
g
Gull lipid samples.
 
+qu
ant
ity
gre
ate
r
tha
n 1
ug/
gra
m
Her
rin
g
Gul
l
lip
id.
str
uct
ure
s
of
all
com
pou
nds
con
fir
med
by
GC/
MS
wit
h D
r.
F.
Onu
ska
,
Ana
lyt
ica
l M
eth
ods
Res
ear
ch
Sec
tio
n,
CCI
W,
Bur
lin
gto
n,
Ont
ari
o.
not previously reported.
 
9O
 
 During 1975 there were twelve water quality accidents reported.
Fortunately, all of the spills were small and only involved a total of
4900 liters of oil.
Lake Ontario. The threat of major damage to Lake Ontario water quality
from spills due to shipping accidents is minimal because of the vast
area involved. Any spill that is not reported by the party responsible
will probably remain undetected. A number of intentional bilge discharges
involving a significant volume of waste oil could occur each shipping
season.
A moderate spills pollution effect is felt from the industrialized
municipalities surrounding the lake.
Three water quality accidents in Lake Ontario were reported to
U.S. authorities during 1975. These spills involved 7500 liters of oil
and 6,000 liters of sulfuric acid waste.
A summary of water quality accidents which occurred in the U.S.
sector of the Niagara River, Lake Ontario and St. Lawrence River in
1975 is presented in Table 1:22.
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TABLE 1:25
WATER QUALITY ACCI
DENTS - 1975
NIAGARA R
IVER, LAK
E ONTARIO
, ST. LAW
RENCE RIV
ER
OCC
URR
ENC
E
DATE LOCA
TION
EXT
ENT
SOURCE
R
E
M
A
R
K
S
Sp
il
l
1—9
-75
Niagar
a Rive
r @
Tonawan
da, Er
ie
Co.
(D.B.
Ol)
50 gal.
# 6 oi
l Ashland Oil employees
steam cleaning cargo
lines at dock. Slop
pan outlet clogged
and pan overflowed.
Erie Co.H.D. invest—
igated Ashland
personnel perform
cleanup of shoreline.
Mat
.
Spi
ll
l—9-75
Buf
fal
o R
ive
r @
Buffalo, Erie Co.
(D.B.Ol)
55
gal.
blue
/
green dye
Drum fell from fork
life at Buffalo Dye
Works
Erie C0.H.D. invest-
igated. No cleanup
possible in river
residue on ground
removed.
Haz. M
at. Sp
ill
1—29—75
Niagar
a Rive
r @
North
Tonawa
nda,
Niagara Co.
(D.B.Ol)
1000 gal.
formaldehyde
Open valve during
tank malfunction
at Hooker —
Durez Co.
Reg. #9 investigated
No. cleanup or
containment possible.
Oil
Spil
l
3—11
-75
Niagara River @
Nort
h To
nawa
nda,
Niaga
ra Co
.
(D.B.Ol)
1,000 gal
. #6 oil
Leak in t
ransfer p
ipe
at Hooker—Durez
Reg.#9 investigated
Elmwood Tank Cleaner
contracted for cleanup
Spillage contained in
Hooker-Durex
at their
outfall.
Oil
Spil
l
4-7
—75
Niagar
a Rive
r @
Nia
gar
a F
alls
,
Niagara Co.
(D.B.Ol)
100 gal
. #6 o
il
Leak in preheater
in Dupont's boiler
ro
om
Reg.#9 investigated
Dupont hired Elmwood
Tank Cleaners for
cleanup operations.
 
Oil
Spil
l
 
4—16—75
 
St.
Lawr
ence
Rive
r
@
Da
rk
Is
la
nd
,
St. Lawrence Co.
(D.B.09)
Light
oil sl
ick
(2
mi.
by
500
yards)
  
Unknown
 
USCG
investigated.
No cleanup or
containment possible
as slick was breakup
and dissipating.
  
 TABLE 1:25 continued...
OCCUR
RENCE
DATE LOCA
TION
EXTENT
SOURCE
REMARKS
Haz. Mat. Spill
4—22—75
Niagara River @
Tonawanda,
Erie Co.
(D.B.Ol)
100 ga
l. Xyl
ene
Leak
aboard
T/B
"POLARIS" at
Ashland dock
Reg. #9 i
nvestigat
ed The
T/B was off load
w/no
clean
up at
tempt
Xylen
e,
a strong
solvent,
was
dissolvin
g oil fro
m
saturated piers, etc.
9
3
 
Haz. Mat. Spill
5-
1—
75
West Branch
Niagar
a Rive
r @
Cayuga
Island,
Niagara Co.
(D.B.Ol)
Minor a
m
t
.
sewag
e scu
m
Unknown NiagaraCo. H.D.
investigated River debris
gets c
aught
in this
back
current area.
Oil Spill
5-2—75 St.
Law
ren
ce
R.
@ M
ass
ena
, S
t.
Lawrence Co.
(D.B.
09)
Minor
bilge
am
t.
oi
l
T/V "Congar" USCG inve
stigated.
No cleanup possible.
Oil Spill
5-5-75
St. La
wrence
R.
@ P
ulm
an
Scho
ol
Jefferson Co.
(D.B.
09)
Minor
waste
am
t.
oil
Unknown
USCG, inv
estigated
and
and found
nothing.
Oil Spill 5—21-75
Niagara River @
Tonawanda, Erie
Co. (D.B.Ol)
Minor
waste
amt.
oi
l
Separator overflow
@ Ashland
Oil Co. d
ue
to rain.
Region #9 investigated.
Ashland personnel contained
and cleaned up spillage.
Oil
Spill
 
5-31-75
 
St. Lawrence R.
@ Alexandria Bay
Jefferson Co.
(D.B. 9)
 
Minor
amt.
gasolene
 
Leaking ug/l tank
@ Un
cle
Sam
Boat
Tours
 
USCG investigated.
Tank off loaded. No
cleanup feasible.
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TABLE 1:25 continued...
OCC
URR
ENC
E
DATE
LOCATION
EXTENT SO
UR
CE
REMARKS
Oil Sp
il
l
6—1
0-7
5
Niagar
a Rive
r @
Gra
nd
Isl
and
,
Eri
e C
O.
(D.
B.O
l)
2 g
al.
lig
ht
oil
Unk
now
n USCG investigated. No
cleanup attempt.
Oi
l S
pil
l
6—2
0—7
5
Lak
e
On
ta
ri
o
@
Wil
son
Har
bor
,
Niagara C
o. (D.B.0
3)
1,0
00
gal
.
gas
oli
ne Spil
lage d
uring
tank
tra
nsf
er
Reg. 9 investigated.
No cleanup as spill
dissipated.
Spi
ll
6—29-75
Minor
amt.
die
sel
fue
l
St.
Lawr
ence
Rive
r
@ Cl
ayto
n,
Jef
fer
son
Co.
(D.
B.0
9)
Spilled
during
load
ing
of y
acht
"SUPAU
PI TOO
"
USCG investigated
No cleanu
p feasibl
e
slick dissipated
quic
kly.
Spi
ll 7-9-75
Nia
gar
a R
ive
r
@
Niagar
a Fall
s,
Niaga
ra Co
.
(D.B.Ol)
5 g
al.
mot
or
oil
Unk
now
n
Reg. 9 investigate
City pers
onnel to
clean
up oi
l res
idue.
Sp
il
l
7—14-75
St.
Law
ren
ce
Riv
er
@ Alexandria Bay,
Jeffer
son Co
.
(D.B.09)
Mi
no
r
amt
.
ga
so
li
ne Cruiser Jepsy
struc
k sho
al ca
using
from b
ilge a
rea
USCG investigated.
No cl
eanup
feasi
ble
due to sm
all amt.
Oi
l S
pil
l
8—7—75
St.
Law
ren
ce
Riv
er
@ Alexand
ria Bay,
Jef
fer
son
Co.
(D.B. 09)
600
gal.
Mix
ed
Private auto ran
over
tran
sfer
pump
for
outb
oard
fuel
con
ces
sio
n @
Dan
s
Mar
ina
Com
pan
y
  
Reg. 6 in
vestigate
d
Sealand E
nvironmen
t
contr
acted
for c
leanu
p
Oil
resi
due
remo
ved
w/
sorb
ent
pads
whil
e
gasol
ine m
ainly
evap-
orat
ed.
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TABLE 1:25 continued...
OC
CU
RR
EN
CE
DA
TE
LOCA
TION
EXT
ENT
SOU
RCE
REMARKS
Niagar
a Fall
s,
Niagara Co.
(D.B.Ol)
merged ou
tfall ser
vicing
Uni
on
Car
bid
e—W
eld
ing
Flux
Divis
ion,
Hooke
r
Chemi
cal a
nd Ci
ty of
Niaga
ra
Falls div
ersion se
wer.
Slick
disper
sed
qu
ic
kl
y
01l
Spil
l
8—26—75
Buf
fal
o R
iver
@
Buff
alo,
Erie
Co.
(D.B.Ol)
Min
or
lig
ht
amt.
oi
l
Leak
ing
u/g
tank
@
Rep
ubl
ic
Stee
l
Reg. 9 investigated
Republ
ic Ste
el
con
tra
cte
d f
/cl
ean
up
011
Spil
l 9—2—75
St.
Law
ren
ce
Riv
er
near
Wolf
e Is
land
Jeffer
son Co
.
(D.B
. 09
)
Min
or
lig
ht
am
t.
o
i
l
Unk
now
n
USCG
inve
stig
ated
.
Clea
nup
due
to
weat
her
and
dis-
sip
ati
on
rate
.
011 Sp1ll
9-4
-75
Oswego
Harbor
@
Oswego, Oswego Co.
(D.B.07)
100
0
gal
.
#6
011
Nia
gar
a M
oha
wk
Powe
r C
orp.
Gen
era
tio
n
Sta
tio
n
Reg.7 investigated.
Spillage
cleaned u
p
Seal
and
Poll
utio
n
Con
tro
l a
nd
St.
Law
ren
ce
Res
tor
ati
on
7 M
all
duc
ks
and
l
Gul
l
inv
olv
ed.
Leg
al
act
pen
din
g
for late reporting.
011 Spill
9—24-75
Niagara
River
@
Tonawa
nda, E
rie
Co.
(D.B.
Ol)
Unknow
n (min
or)
amt.
#4 o
r #6
oil
Unk
now
n
USCG and Erie Co. DE
investigated No.
cleanup w
arranted.
011
Spil
l
9—26-75
Nia
gar
a R
iver
@
Nia
gar
a F
alls
,
Niaga
ra Co
.
(D.B.Ol)
Unk
now
n (
Mino
r)
amt.
fuel
oil
Leak
in t
rans
fer
pipe
from
tank to b
oiler at
Carb
orun
dum
Corp
.
Niagara C
o.H.D. in
te-
gated. No further
action
require
d.
 
011 Spill
 
9—29—75
 
Unio
n Sh
ip C
anal
@ Buffa
lo, Er
ie
Co
.
(D
.B
.O
l)
 
25
gal.
lube
oil
 
Spill
age f
rom B
ethle
hem
Stee
l Co
rp.
to s
torm
drai
n.
 
USCG investigated
Company personnel
cleane
d up w
ith
sorbent.
No furthe
r
acti
on.
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T
A
B
L
E
1
:
2
5
continued...
OCCURRENCE
DATE
LO
CA
TI
ON
EXTENT
SO
UR
CE REMARKS
Oil Spill
9-30-75
Otter Creek @ Alexandria
Bay, Jefferson Co.
(D.B.O9)
Unknown
(minor) amt.
diesel
Small spill behind
Paul's Boat Tours
USCG
investigated
Paul's
employees
cleaned
up.
No
further
action.
Haz. Mat.
Spill
10—17-75
Gill Creek @ Niagara
Falls, Niagara Co.
(D.B.Ol)
200 lbs
. lime
Washing lines cyclone
at Dupont overflowed
to cooling water
discharge via floor
dra
in.
NCHD
investigated
cleanup impossible.
No
further
action.
Oil Spill
11-2—75
St. Lawre
nce River
@ Ma
sse
na,
St.
Lawrence Co.
(D.B.O9)
Unknown (minor)
amt. bilge slop
and Bu
nker C
oil
Unknown (possibly from
M/V "ATLANTIC STAR"
USCG
investigated
clean up.
Impossible
water samples were taken
Legal action may be
pending.
Oil Spill
11-4—75
Co.
Niagar
a Rive
r @
Tonawanda, Niagara
(D.B.Ol)
5,000 gal.#2 oil Oil supply line failure
at Niagara Mohawk's
C.R. with
spill int
o
sub-basement of the
stream station.
USCG investigated
Niagara personnel
cleaned spill. No
further action.
Oil
Spil
l
11—4—75
Co.
Niagara River @
Tonawanda, Niagara
(D.B.Ol)
10 gal. waste oil
Clea
ning
oil
from
Allied Ch
em. Spec.
Div., 382
1 River R
oad.
No
further
action.
Haz. Mat. Sp
ill 11-17-75
Lake O
ntario
@
Oswego, Oswego Co.
D.B. 03
16,000 gal
80p
wa
st
e
Waste tank valve failure
@ Nia
gara
Mohaw
k Pow
er
Corp.
Nine
Mile
Creek
 
Recovery Impossible.
       
9
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TABLE 1:25 continued...
OCCUR
RENCE
DATE LOCATION
EXT
ENT
SOU
RCE
REMARKS
Oil
Spil
l 11—19-75
Niagara River @
Buffalo, Erie Co.
(D.B.Ol)
Unknow
n (min
or)
amt. oil
Unknown (oil spill
in vic. of Niagara
Mohawk Power Co.)
Erie Co. H.D. invest—
igated. No further.
Oil Spill
11-24—75
St. Lawrence River
@ Ogdensburg, St.
Lawrence Co.
(D.B.09)
Unk
now
n (
mino
r)
amt. oil/
gasoline
Unknown source
discharging via
storm sewer @ Customs
House Dock.
USCG & City DPW
investigated.
cleaned up. No
further action.
Spi
ll
Oil
Spil
l 11—25-75
Niagara River @
Tonawanda, Erie
Co. (D.B.Ol)
Unknow
n (min
or)
amt. w
aste o
il
Oil discharge into
river from outlet
pipe from oil
separator @ Ashland
Oil.
USCG, EC Env. Qual.
Reg. #9 investigated
further action.
Oil Spill 12-7—75
Oswegatchie River
Gouverneur, St.
Lawrence Co.
500 gal. fuel oil
Break in feed line to
boiler @ Allied Mills.
Oil to river via
cellar drain and storm
drain.
Reg. #6 investigated
Spill not recovered.
No further action
required.
Oil
Spil
l 12-11-75
Niagara River @
Tonaw
anda,
Niagara Co.
(D.B.Ol)
30 gal. #2 oil
Failure of an Ashland
employee to close
transfer valve
completely while
loading barge.
USCG investigated
5 gal. was dissipated
in the river. No
further action.
Haz. Mat.
Sp
il
l
12—30-75
Buffalo River
@
Buffalo, Erie Co.
200 gal. (soln)
Blue #
1 cosm
etic
Overflow dumpster Allied personnel
caused by Allied
Chem. Buffalo Dye
Works personnel.
Spill to river via
storm drain.
cleaned spill on
ground.
Spill to
River, impossible
clean up. No further
action.
(D.B.Ol
)
dye
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TRIBUTARY PHOSPHORUS LOADINGS
 
In
previous
years
loading
estimates
were
calculated
by
a variety
of
methods
within
the
various
agencies;
furthermore
sampling
frequencies
have
not
been
and
are
not
selected
to maximize
the
efficiency
of
loading
estimators.
However,
in
this
report
with
few
exceptions
1975
tributary
loadings
were
estimated
by
a modified
ration
estimator,
ﬁ’:
ﬁ’
=
D
EX
1
m
m
m
X
.
———
—
I
m n—l y y/X x J
x
where ux
=
mean
daily flow for
the water year,
m
=
mean daily loading
for the days
concentrations were
y determined,
mX =
mean daily flow for the days concentrations were
determined
n = number of days concentrations were determined,
my/X
=
mean ratio of loadings to flow for the days concentrations
were determined.
This estimator, which makes use of the additional information supplied
by the mean annual flow, is generally a more efficient estimator, i.e. has
a smaller mean-square—error, than the sample mean, my.
When the mean annual flow was not known, loadings were estimated by
the sample mean, my, of the calculated daily loadings.
In some cases it is clear, through comparison of the mean annual
flow to the mean sample flow, that the sampling was biased. Biases
toward both low flows and high flows were observed.
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A su
mmar
y of
the
trib
utar
y ph
osph
orus
load
ing
by b
asin
are
pres
ente
d
in T
able
2:1.
Also
incl
uded
in t
his
Tabl
e is
the
phos
phor
us l
oadi
ng f
or
dir
ect
ind
ust
ria
l a
nd
mun
ici
pal
dis
cha
rge
s.
Tab
les
2:2
— 2
:6
sho
w t
he
pho
sph
oru
s l
oad
ing
for
the
res
pec
tiv
e b
asi
ns
by
jur
isd
ict
ion
.
It
is
pla
nne
d t
o r
eca
lcu
lat
e l
oad
ing
est
ima
tes
for
prio
r y
ear
s
usi
ng
the
mod
ifi
ed
rat
io
esti
mato
r.
By
so
doi
ng
mor
e r
eli
abl
e e
sti
mat
es
of
past
loa
din
gs
wil
l b
e a
cqui
red.
In
add
iti
on
mor
e r
eli
abl
e e
sti
mat
es
of
the
var
ian
ces
of
the
var
iou
s t
rib
uta
rie
s w
ill
be
obta
ined
; t
hese
sta
ble
var
ian
ce
est
ima
tes
are
nec
ess
ary
for
the
des
ign
of
a r
ati
ona
l
sampling program.
ATMOSPHERIC LOADINGS
Est
ima
ted
tot
al
ann
ual
dir
ect
lak
e s
urf
ace
loa
din
gs
of
pho
sph
oru
s,
nit
rog
en
and
chl
ori
de
to
the
Gre
at
Lak
es
from
the
atm
osp
her
e a
re
list
ed
in
Tab
le
2:7
.
The
dat
a u
sed
to
dev
elo
p t
he
loa
din
g e
sti
mat
es
in
the
Tab
le
wer
e t
ake
n f
rom
a n
umb
er
of
dat
a s
our
ces
.
whi
ch
are
ide
nti
fie
d i
n T
abl
e
2:8
alo
ng
wit
h t
he
det
ail
s a
bou
t t
he
sam
pli
ng
net
wor
ks.
The
loa
din
g e
sti
mat
es
for
lake
s H
uro
n a
nd
Supe
rior
hav
e b
een
tak
en
fro
m t
he
atm
osp
her
ic
inp
ut
cha
pte
rs
of
the
Upp
er
Lak
es
Ref
ere
nce
Gro
up
Rep
ort
.
Det
ail
s o
n t
he
cal
cul
ati
on
of
the
se
loa
din
gs
wil
l b
e c
ont
ain
ed
in
the
Report and are not elaborated upon here.
For
lak
es
Ont
ari
o a
nd
Eri
e t
he
CCI
W n
etw
ork
and
the
U.S
.
EPA
IFY
GL
net
wor
k (
Cas
ey
and
Sal
bac
h,
197
4)
are
the
onl
y m
ajo
r s
0ur
ces
of
atm
osp
her
ic
loa
din
g d
ata
.
Dat
a f
rom
the
CCI
W n
etw
ork
for
the
per
iod
196
9 t
o 1
974
wer
e u
sed
to
com
put
e t
he
Lak
e O
nta
rio
and
Lak
e
Eri
e l
oad
ing
s
in
Tab
le
2:7
.
The
cal
cul
ate
d l
oad
ing
s
are
bas
ed
on
the
ana
lys
is
of
mon
thl
y
int
egr
ate
d
sam
ple
s
of
bul
k p
rec
ipi
tat
ion
(we
t
plu
s
dry
fal
l—o
ut)
.
Geo
met
ric
mea
ns
of
all
the
mon
thl
y d
epo
sit
ion
rat
e d
ata
wer
e
use
d t
o
cal
cul
ate
the
tot
al
ann
ual
loa
din
g r
ate
.
Geo
met
ric
mea
ns
wer
e u
sed
bec
aus
e
of
the
log
,
nor
mal
I
di
st
ri
bu
ti
on
of
the
mo
nt
hl
y
de
po
si
ti
on
ra
te
dat
a.
Lo
ad
in
g
rat
es
to
La
ke
On
ta
ri
o
ha
ve
als
o
be
en
ca
lc
ul
at
ed
by
Ca
se
y
and
Sa
lb
ac
h
(19
74)
us
in
g
da
ta
fr
om
the
ir
IF
YG
L
net
wor
k.
The
ir
lo
ad
in
g
rat
es,
sh
own
in
br
ac
ke
ts
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 SUMMARY OF 1975 REPORTED
TABLE 2:1
INDUSTRIAL,
MUNICIPAL
AND
TRIBUTARY
PHOSPHORUS
LOADING
DATA
(All values reported in kilograms/day)
 
Direct Direct
Industrial Municipal
Basin
Discharge
Discharge
Tributary
Total
Lake Superior
267
171
3,827
4,265
(255)
(311)
(5,467)
(6,033)
Lake Huron
353
330
6,383
7,066
(
0)
(386)
(10,052)
(10,438)
Lake Michigan
168
2,922
11,592
14,682
(122)
(2,981)
(13,608)
(16,711)
Lake Erie
185
18,170
13,434
31,789
(346)
(19,115)
(24,556)1
(44,017)1
Lake Ontario
and
511
8,913
6,161
15,585
St. Lawrence River
(324)
(5,358)
(5,828)
(11,510)
TOTAL
1,484
30,506
41,397
73,387
(10,99) (28,151) (59,511)1 (88,709)1
 
(1974 reported data shown in parantheses)
11f the Maumee River loading is estimated from U.S.G.S.
data, then the total
tributary loading to the Lake Erie Basin becomes 17,960 Kg/day, the total
loading to the Lake Erie Basin becomes 37,421 Kg/day, the total tributary
loading to all Basins 52,915 Kg/day, and the total loading to all Basins
becomes 83,905 Kg/day.
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TABLE 2:2
19
75
PH
OS
PH
OR
US
LO
AD
IN
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DA
TA
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va
lu
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ve
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in
ki
lo
gr
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s/
da
y)
Basin: Lake Superior
Direct Direct
Industrial Municipal
Ju
ri
sd
ic
ti
on
Di
sc
ha
rg
e
Di
sc
ha
rg
e
Tr
ib
ut
ar
y
To
ta
l
Mi
nn
es
ot
a
0
44
66
4
70
8
(0)
(47
)
(66
2)
(70
9)
Wi
sc
on
si
n
0
3
79
5
79
8
(1)
(1
57
)
(1
,8
03
)
(1
,9
61
)
Mi
ch
ig
an
0
47
31
4
36
1
(0
)
(0
)
(4
51
)
(4
51
)
On
ta
ri
o
26
7
77
2,
05
4
2,
39
8
(2
54
)
(1
07
)
(2
,5
51
)
(2
,9
12
)
TO
TA
L
26
7
17
1
3,
82
7
4,
26
5
(2
55
)
(3
11
)
(5
,4
67
)
(6
,0
33
)
 
(1
97
4
re
po
rt
ed
da
ta
sh
ow
n
in
pa
re
nt
he
se
s)
  
 TABLE 2:3
1975 PHOSPHORUS LOADING DATA
(All values given in kilograms/day)
Basin: Lake Huron
 
Direct Direct
Industrial Municipal
Jurisdiction
Discharge
Discharge
Tributary
Total
Michigan
171
54
3,417
3,642
(0) (75) (6,647) (6,722)
Ontario
182
276
2,966
3,424
(0) (311) (3,405) (3,716)
TOTAL
353
330
6,383
7,066
(0) (386) (10,052) (10,438)
(1974 reported data shwon in parentheses)
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 TABLE 2:4
1975 PHOSPHORUS LOADING DATA
(All values given in kilograms/day)
Basin: Lake Michigan
 
Direct Direct
Industrial Municipal
Jur
isd
ict
ion
Dis
cha
rge
Dis
cha
rge
Tri
but
ary
Tot
al
Mic
hig
an
36
20
4,9
63
5,0
19
(1) (35) (7,302) (7,338)
Wis
con
sin
64
2,7
46
2,6
71
5,4
81
(121) (2,866) (5,509) (8,496)
Illi
nois
27
156
0
183
(N
D)
(8
0)
(N
D)
(8
0)
Ind
ian
a
41
0
3,95
8
3,99
9
(0)
(0)
(7
97
)
(7
97
)
TOT
AL
168
2,92
2
11,
592
14,
682
(122) (2,981) (13,608) (16,711)
(1974 reported data shown in parantheses)
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 TABLE 2:5
1975 PHOSPHORUS LOADING DATA
(All values given in kilograms/day)
Basin: Lake Erie
Direct Direct
Industrial Municipal
Jurisdiction Discharge Discharge Tributary Total
Michigan 146 14,716 1,473 16,335
(163) (15,225) (4,110) (19, 498)
Ohio 2 2,782 8,458 11,242
(5) (3,215) (15,755)1 (18,975)1
Pennsylvania 0 383 O 383
(0) (377) (0) (377)
New York 0 129 0 129
(l) (91) (ND) (92)
Ontario 37 160 3,503 3,700
(177) (207) (4,691) (5,075)
TOTAL 185 18,170 13,434 31,789
(346) (19,115) (24,556)1 (44,017)1
 
(1974 reported data shown in parenthese)
1Using U.S.G.S. data to estimate the 1974 Maumee River loading gives 9,159
Kg/day for the Ohio tributary loading, 12,379 Kg/day for the total Ohio
loading to the Basin, 17,960 Kg/day for the total tributary loading and
37,421 Kg/day for the total loading of the Basin.
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TABLE 2:6
1975 PHOSPHORUS LOADING DATA
(All values given in kilograms/day)
Basin: Lake Ontario
and St. Lawrence River
Direct Direct
Industrial Municipal
Jur
isd
ict
ion
Dis
cha
rge
Dis
cha
rge
Tri
but
ary
Tot
al
New
Yor
k
208
3,0
34
3,0
63
6,3
05
(25
6)
(1,
295
)
(2,
748
)
(4,
199
)
Ont
ari
o
303
5,8
79
3,0
98
9,2
80
(16
8)
(4,
063
)
(3,
080
)
(7,
311
)
TOT
AL
511
8,9
13
6,1
61
15,
585
(32
4)
(5,
358
)
(5,
828
)
(11
,51
0)
 
(1974 reported data shown in parentheses)
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 TABLE 2:7
ESTIMATED TOTAL ANNUAL DIRECT ATMOSPHERIC
LOADINGS METRIC TONS/YEAR
  
 
   
PARAMETER L. Michigan L. Huron L. Superior L. Ontario L. Erie
Phosphorus 1000 620 800 350 560
(1,650)
Nitrogen 52,000 56,000 22,200 37,000
(22,700)
Chloride 49,000 55,000 15,800 18,000
(24,500)
TABLE 2:8
DATA SOURCES OF ATMOSPHERIC LOADING ESTIMATES
DATA SOURCE GEOGRAPHICAL LOCATION NO. OF STATIONS TIME PERIOD
CCIW network Canadian Great Lakes Basin 17-22 1969—1974
U.S. EPA IFYGL U.S. Lake Ontario Basin 9 1972—1973
Network
U.S. EPA Grosse U.S. Upper Lakes Basin 17 1973—1974
Ile Upper Lakes
Network
Lake Michigan Basin 6 1974
DePaul University
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NIAGARA RIVER
The Niagara River flows north from Lake Erie to Lake Ontario with
Niagara Falls in between. TheBuffalo River, Tonawanda Creek and a
number of small creeks comprise the United States drainage area. Compared
to the Niagara River flow, which is in excess of 200,000 cfs, the
tributary input volume is minimal.
The quality of the Niagara River, which can be related to the Lake
Erie discharge, is affected mainly by direct discharges from industries
and municipalities. The headwaters water quality can be related to the
Buffalo water intake (Milepoint 38).
Water Uses
The major water uses in the area are municipal water supplies,
cooling water, and industrial.
From Buffalo to Niagara Falls, there are 10 municipal water intakes
on the United States' side. The major industries on the Buffalo River
use
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 Summary of Water Quality
 
Coliform. The New York shoreline of the Niagara River mainstream
in the Buffalo area continues to show total coliform levels, with a
range of 300—86,000/100 ml, and a median of 1,200/100 ml over the past
five years. Noncompliance with the IJC objective of 1,000/100 ml is
limited to a narrow band within 100 to 300 feet of shore with total
coliform levels in the remainder of the cross section generally below
200/100 ml.
The Black Rock Canal, receiving water from the Buffalo River, has
total coliform levels generally within the range of 1,100 to 200,000/100
ml with a median of 30,000/100 ml, over the past five years.
The nearshore area of the upper Niagara River, near the City of
Niagara Falls (N.Y.), shows frequent minor violations of the IJC coliform
objective with total coliform levels of 200 to 35,000/100 ml and a
median of 1,500/100 ml over the past five years. High levels are limited
to a band within 1,000 feet of the shoreline or approximately 1/3 of the
cross section.
The coliform counts are the products of inadequate treatment and
the overloading of some of the municipal plants located in the Niagara
River watershed. All municipal plants discharging to the river with the
exception of Niagara Falls instituted primary treatment and disinfection
prior to 1967.
Phenolics. The New York State 1974 water year sampling indicated
phenols ranged from 0.001 to 0.5 mg/l with a monthly sampling high of
0.5 mg/l noted at the Niagara Falls water intake. The levels combined
with the chlorine can produce taste and odor problems. The Niagara
Falls waste treatment plant, Semet—Solvay Coke Plant, Ashland Oil, and
Hooker Chemical—Durex DivisionPlant discharge phenols to the Niagara
River. The Mobil refinery, Allied Chemical—Buffalo Dye, and the Donner—
Hanna Coke Plant discharge to the Buffalo River.
Phenols continue to be reduced in the plant effluent and will be
further reduced to meet the IJC objective which states that phenols
should be substantially absent.
Dredging. Due to the proximity of industrial discharges, conditions
within the Buffalo River, Little River, Black Rock Canal and Buffalo
harbors require that dredged material from these areas be deposited in
diked disposal areas. Since the sediments do not meet EPA criteria for
open—lake disposal, about 600,000 cubic yards per year are being disposed
of in such areas. Clean dredgings from the ports of Buffalo Harbor,
Black Rock Cannel, and Tonawanda Harbor are deposited in Lake Erie.
110
 Oils. Although oil spills continue to take place in the area,
investigations by New York State Department of Environmental Conservation,
the U.S. Coast Guard, County Health Departments, and EPA have helped to
keep spills to a minimum. Fines by the U.S. Coast Guard and the NYS
DEC, as well as the U.S. EPA Spill Prevention Control and Countermeasure
Plan requirement also act as deterrents. EPA‘s program of evaluating
oil storage areas has uncovered a number of potential oil spill conditions.
Algae Growths. At Niagara Falls, Cladophora is visible and
abundant on the rocks above the Canadian Falls on the United States'
side. CZadOphora growths are also found in other areas of the river,
both Canadian and United States. At the Maid—of—the—Mist docks, on the
Canadian side, various forms of algae become entrapped in the falls
foam, and if not continually removed, generate unpleasant odors.
Organic Contaminants. Water from the Buffalo water intake (Lake Erie)
was examined for 24 chlorinated hydrocarbons on three occasions during
1973 with the following results:
ug/l
Die 2_-4_D £11163 ﬂ 1%
73/05/29 0.01 0.01 0.00 1.1
73/07/11 0.00 0.00 0.00 1.0
73/09/05 0.02 0.01 <0.10 4.6
Similar analysis at the Lockport water intake and the Niagara Falls
intakes showed the following:
Lockport
kill Elvis 1:03; ESE
73/
05/
29
<0.
01
0.0
1
0.0
0
1.8
73/
07/
11
0.0
0
0.0
0
0.0
0
1.0
73/
09/
05
0.0
0
0.0
0
<0.
10
3.4
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Niagara Falls
2:32 Silvex 32% 399
1‘§‘ 73/05/29 <0.01 0.01 0.00 0.9
i.%?
73/07
/11
0.00
0.00
0.00
0.0
I 73/09/05 0.00 0.00 0.00 3.3
These samples were analyzed by the U.S. Geological Survey for the
NYS Department of Health; however, the results do not show the downstream
buildup of chlorinated hydrocarbons from industrial discharge. Several
I industries are known to manufacture or reprocess chlorinated hydrocarbons
i:§g and discharge them directly or indirectly to the Niagara River.
 
LAKE ONTARIO
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:53: Trophic Status
The last major assessment of conditions in Lake Ontario (IJC 1969)
_ “I included studies of phytoplankton species composition, distribution and
é.“ biomass, zooplankton species composition and distribution, and macro-
invertebrate benthic fauna species composition and distribution. Since
that time, several studies of the biota of the lake have taken place.
‘ These include CCIW lakewide studies of monitoring programs from 1967—
, C 1973, the CCIW surveillance program from 1974—1975, and studies undertaken
V during IFYGL by USEPA, NCAA and CCIW in 1972—73.
Parameters collected, station pattern and cruise frequency varied
widely in the several years involved and frequently no close liaison
existed with nearshore programs. Therefor, for analysis, a series of
zones have been established around the edge of the lakes and where possible,
if \ area weighted means calculated for these zones.
1 E
l
l
Chlorophyll a concentration as an estimate of phytoplankton biomass
was the most frequently sampled parameter. Methodologies have differed
markedly over the years from attempts of in_situ estimation from samples
pumped through a fluorometer to variOus filtrationand extraction techniques.
‘
«
m
e
v
‘
Species composition and seasonal abundance were estimated for
phytoplankton and zooplankton during 1968, 1970, and again during the
IFYGL. Enumeration and identification have been completed and preliminary
descriptions of seasonal cycles of major groups have been published.
Analyses of planktonic communities of the lake indicate the perturbed
nature of zooplankton communities near large urban centers.
 
 A major benthic survey of Lake Ontario was carried out in 1972 for
IFYGL but while preliminary reports are available, most of the analysis
is still in pre—publication form.
Where the 1969 report contained essentially baseline conditions, a
considerable amount of data now exists on seasonal cycles, and year to
year variations in biological parameters in the lake. Species composition
of phytoplankton, zooplankton and benthos, especially inshore around the
major population centres all indicate water quality less Suitable than
must have existed 100 years ago. These stresses in lesser degreee are
observable in the communities of organisms living away from the direct
influence of point source inputs.
Phytoplankton Biomass Estimates (Chlorophyll a)
Open Lake. A considerable amount of the open lake chlorophyll a
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In addition, chlorophyll a_concentrations on surveillance cruises
in 1974 and 1975 are correlated significantly with depth and temperature,
especially during the spring and fall stratified periods. Stadelmann
and Fraser (1974) and others consider that in warm stratified waters,
sufficient quantities of phosphorus are recycled to support growth rates
and biomass levels. It appears that nitrate can be the limiting nutrient
in epilimnial waters. Similarly, Chau g£_al. (1970) correlate chlorophyll
concentrations with micronutrients and demonstrate stimulation of photo—
synthesis with manganese. Stoermer g£_al. (1975) comment on the summer
depletions of both silica and nitrate and indicate conditions competitively
favourable over all of the lake, for the growth of nuisance blooms of
blue green algal species.
A mathematical model of the open lake phytoplankton biomass by
Thomann g£_al. (1975) indicates that in general, spring growth and peak
chlorophyll concentrations are related primarily to increasing light and
temperature and that growth ceases due to phosphorus limitation, although
a depleted inorganic nitrogen pool has an effect. Following a mid—-
summer decline (which may have not occurred during IFYGL) zooplankton
grazing and subsequent recycling of nutrients result in a late summer
increase in biomass. Both nitrogen and phosphorus are then limiting.
Lee (1975) also indicates phosphorus limitation in the spring and
nitrogen and phosphorus in the fall. Quantitatively, the model analyses
indicate that phosphorus limits growth by about 70 percent in the spring
and about 50 percent in the fall while nitrogenlimits growth in the
fall by about 50 percent.
Simulations carried out using the simplified open lake model (Thomann,
35 E13, 1976) indicate that under certain "reasonable" kinetic conditions
Lake Ontario may not be in equilibrium with the present load, assuming
the entire input load as potentially available on a long term (10-
20 year) basis. Response times in terms of phytoplankton biomass are
on the order of 10—20 years from the time of a load reduction. Simulations
were also carried out using optimistickinetics which assume that the
lake is in equilibrium with present loads. The range in peak chlorophyll
concentration at equilibrium as simulated under the Water Quality Agreement
loads is from about 8 to 16 ug/l of chlorophyll a, for the optimistic
and reasonable kinetics respectively. This is in contrast to a "pastoral"
simulation range of about 3 to 7 ug/l of chlorophyll 3 representing a
preliminary estimate of conditions prior to any substantial input of
nutrients due to man's activities. Additional simulations and analyses
of input loads have recently been conducted and are discussed on Page
200.
Near Shore. Chlorophyll a levels along the Ontario shoreline of
the lake are illustrated in Figure 3:1 on a seasonal basis.
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 Nearshore western Lake Ontario Phytoplankton
Low algal densities prevailed from 1967 through 1975 and from 1970
through 1975 at the Cornwall and South Peel sites respectively (Table 3:1).
For comparative purposes, it is noteworthy that during the late
1960's and early 1970's, total algal biomass was about 10 to 20 times
lower at the Lake Ontario and St. Lawrence River sites than at a similar
near—shore waterworks location in Lake Erie's western basin (Table 3:1).
As a result of decreased phosphorus loadings to Lake Erie's western basin,
a dramatic decline in algal densities has materialized since 1971;
however, no long—term trends to either increasing or decreasing total
biomass are evident at the Cornwall and South Peel locations.
Over the study period, total phytoplankton biomass was about 25
percent higher at the St. Lawrence River location than at the western
Lake Ontario location.
Seasonal distributions of biomass were similar, with maxima material-
lizing during April or May followed by mid—summer minima, especially at
the South Peel site. Mid-summer and autumn biomass values in the St.
Lawrence River were sometimes high because blue-green algal populations
develop at this time of the year.
At both locations, diatoms were most important over the whole year
(Tables 3:2 and 3:3) and dominated the springtime biomass peaks.
At Cornwall, the springtime diatom peak occurred most often during
April or May and was dominated by Melosira spp. but other diatoms some—
time shared in the blooms (Asterionella formosa, Fragilaria and Tabellaria
spp.). Most often, a strong growth of Fragilaria spp. during either
late March or June preceded or followed the Melosira dominated bloom in
April or May.
In western Lake Ontario at the South Peel location, diatoms also
dominated in spring, but the composition of the group was quite different
from that found in the St. Lawrence River. During most years, Stephanodiscus
spp. contributed most to the springtime diatom pulse with Asterionella
formosa and Melosira spp. of lesser importance. é. formosa very often
achieved dominance during June or July after the main spring bloom had
collapsed. Only during 1974 was an autumn growth of diatoms significant
when A. formosa bloomed in October and November. Over the whole year,
Fragilaria and Tabellaria spp. were far less important in western Lake
Ontario than in the St. Lawrence River.
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 Table 3:1:
Lon
g
ter
m a
nnu
al
mea
ns
(Ja
nua
ry
to
Jan
uar
y)
of
tot
al
phy
top
lan
kto
n b
iom
ass
(ar
eal
sta
nda
rd
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ts/
ml)
*
at
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nwa
ll
and
Sou
th
Pee
l w
ate
r t
rea
tme
nt
pla
nts
.
Sim
ila
r
dat
a f
rom
the
Uni
on
Wat
er
Tre
atm
ent
Pla
nt
in
La
ke
Er
ie
's
we
st
er
n
ba
si
n
ar
e
pr
ov
id
ed
for
co
mp
ar
at
iv
e
purposes.
Cornwall
(St. Lawrence River)
South Peel
(Western Lake Ontario)
Union (Kingsville)
(Western Lake Erie)
a.s.u./ml
1967
1968
1969
1970
1971
1972
1973
1974
1975
420
430
400
460
360
620
320
390
320
220**
260
240
250
380
230
5370
4780
4750
5160
4810
4430
3860
3400
2900
  
*
On
e
are
al
st
an
da
rd
uni
t
(a.
s.u
.)
is
an
am
oun
t
of
ph
yt
op
la
nk
to
n
su
bt
en
de
d
by 400 umz.
**
Da
ta
ar
e
fr
om
Ap
ri
l
th
ro
ug
h
De
ce
mb
er
of
19
70
on
ly
.
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 Table
3:2:
Percentage
composition of phytoplankton as annual
averages
(January
to
January)
at
the
Cornwall
sampling
location
between 1967 and 1975.
 
Cyanophyceae
Chlorophyceae
Bacillariophyceae
Others
(blue—green
(green algae)
(diatoms)
(Cryptophyceae,
algae)
Chrysophyceae,
Euglenophyceae,
Dinophyceae)
Percent of Total
1967 6 10 80 4
1968 6 9 81 4
1969 6 7 84 3
1970 6 15 60 19
1971 19 16 61 4
1972 41 28 3O 1
1973 15 14 66 5
1974 20 9 67 4
1975 13 16 66 5
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 Ta
bl
e
3:
3:
Pe
rc
en
ta
ge
co
mp
os
it
io
n
of
ph
yt
op
la
nk
to
n
as
an
nu
al
av
er
ag
es
(J
an
ua
ry
to
Ja
nu
ar
y)
at
th
e
So
ut
h
Pe
el
sa
mp
li
ng
lo
ca
ti
on
between 1970 and 1975.
Cy
an
op
hy
ce
ae
Ch
lo
ro
ph
yc
ea
e
Ba
ci
ll
ar
io
ph
yc
ea
e
Ot
he
rs
(b
lu
e—
gr
ee
n
(g
re
en
al
ga
e)
(d
ia
to
ms
)
(C
ry
pt
op
hy
ce
ae
,
al
ga
e)
Ch
ry
so
ph
yc
ea
e,
Euglenophyceae,
Dinophyceae)
Percent of Total
19
70
*
6
26
68
<1
19
71
8
22
65
5
19
72
8
13
7O
9
19
73
8
13
76
3
19
74
5
15
77
3
19
75
9
12
75
4
 
*
19
70
da
ta
ar
e
fo
r
Ap
ri
l
th
ro
ug
h
De
ce
mb
er
on
ly
.
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 In most
of
the
samples
from
the
St.
Lawrence
River,
the
blue—
green
alga Oscillatoria was present.
However,
during
the mid—to—late
summer
periods, Microcystis
was especially
common and contributed most
to the total cyanophyte flora.
During 1971, the Cyanophyceae comprised
41 percent
of
the average
phytoplankton biomass
at
this
location
(Table
3:2).
In the South Peel samples, blue—green algae represented mainly by
oscillatoria with lesser
amounts of Lyngbya
spp.
contributed
less
than
10 percent of the total phytOplankton biomass over the period 1970—
1975 (Table 3:3).
Chlorophyceae, or green algae, were represented by many taxa at
both locations.
Closteriopsis and Pedrastrum spp. were common in the
St. Lawrence River while Mougeotia and Oocystis spp. were found in most
of the western Lake Ontario samples during summer.
Other taxa of this
class common to both locations included Scenedesmus, Micractinium,
Ankistrodesmus, Coelastrum, Sphaerocystis, tetraedron, Actinastrum,
Schroederia, Staurastrum and Ulothrix, among others.
 
The pyrrhophyta, Chrysophyceae and Euglenophyta were poorly represented
at both locations (Tables 3:2 and 3:3), but Rhodomonas, Cryptomonas,
Ceratium, Peridinium, Gymnodinium, Dinobryon, Mallomonas, Uroglenopsis,
Chrysococcus, Euglena, Phacus and Trachelomonas were sometimes found.
Although a long—term trend to either increasing or decreasing total
phytoplankton biomass is not evident at either location, the slightly
higher biomass values at the Cornwall site over those at South Peel,
combined with generally better representation by Cyanophyceae, suggest
that this area of the St. Lawrence River is slightly more eutrophic than
the western Lake Ontario location. These data should have considerable
value for assessing future changes in the trophic state of these inshore
Great Lakes waters.
ZOOQZankton
The species composition of zooplankton in Lake Ontario is very
similar to that for the other Great Lakes (Watson 1974, Watson and
Carpenter 1974). In total biomass per unit volume this lake has values
substantially below those for Lake Erie and Saginaw Bay, but about the
same as for the open waters of Lake Huron (Watson and Carpenter 1974).
Compared to the Upper Lakes, it has a low relative abundance of calanoids
and a high relative abundances of cyclopoids, cladocerans, and rotifers
(Anonymous, 1969, Patalas, 1972). Protozoa have received very little
study, but casual observations have indicated that they may be present
in quite high numbers.
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The most abundant species of crustacean zooplankton in the summer
of
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7 w
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s b
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pra
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mex
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,
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Cer
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(Pa
tal
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196
9).
Mor
e r
ece
nt
stu
die
s h
ave
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era
lly
sho
wn
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sam
e s
pec
ies
to
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bun
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t o
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open
lake
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4)
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s
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the
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t a
bun
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t f
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n 1
972
.
  
All
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spe
cie
s s
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h t
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t m
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rit
y o
f s
peci
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r p
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abu
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er
(Pat
alas
1969
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and
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; M
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t,
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and
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197
5).
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epo
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d
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at
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abu
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nce
,
in
the
win
ter
whi
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y o
f t
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n s
pec
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alm
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m t
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nkt
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the
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der
mon
ths
(Mc
Nau
ght
,
Buz
zar
d a
nd
Lev
ine
1975; Czaika 1974).
The
re
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lit
tle
inf
orm
ati
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the
com
pos
iti
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the
zoo
pla
nkt
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of
Lak
e O
nta
rio
mor
e t
han
ten
yea
rs
ago
.
How
eve
r,
McN
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and
Buz
zar
d
(19
73)
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wha
t da
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sho
w t
hat
cop
epo
ds
bec
ame
rel
ati
vel
y
les
s a
bun
dan
t a
nd
cla
doc
era
ns
rel
ati
vel
y m
ore
so
bet
wee
n
193
9
and
197
2.
The
ir
li
mi
te
d
re
su
lt
s
ag
re
ed
wi
th
the
wi
de
ly
he
ld
aS
Su
mp
ti
on
tha
t
the
zoo
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nkt
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of
Ont
ari
o h
ave
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nge
d g
rad
ual
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ove
r
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las
t
50
yea
rs
to
100
yea
rs
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n o
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otr
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lag
e l
ike
tha
t
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nd
tod
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Lak
e
Hur
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and
nor
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rn
Lak
e M
ich
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n t
o a
mor
e m
eso
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phi
c
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lag
e.
McN
aug
ht,
Buz
zar
d,
and
Lev
in
(19
75)
stu
die
d
the
hor
izo
nta
l
dis
tri
but
ion
of
cru
sta
cea
n
zoo
pla
nkt
on
dur
ing
IFY
GL
in
som
e
det
ail
.
The
y
con
clu
ded
tha
t
ind
ica
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s o
f
eut
rop
hic
ati
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are
mor
e a
bun
dan
t
in
the
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ini
ty
of
Met
rop
oli
tan
Tor
ont
o,
the
Osw
ego
Riv
er,
Mex
ico
,
Pop
ham
and
Wel
ler
's
bay
s.
The
y s
ugg
est
tha
t t
he
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ter
thr
ee
bay
s p
rob
abl
y r
epr
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are
as
of
nat
ura
l e
utr
oph
ica
tio
n,
but
tha
t
the
con
dit
ion
s
off
Tor
ont
o
and
Osw
ego
are
rel
ate
d t
o a
cce
ler
ate
d c
ult
ura
l e
utr
oph
ica
tio
n.
Fur
the
r e
vid
enc
e o
f
man
's
inf
lue
nce
on
the
zoo
pla
nkt
on
has
bee
n f
urn
ish
ed
by
Fen
lon
,
McN
aug
ht,
and
Sch
rod
er
(19
71)
.
The
y r
epo
rt
tha
t
add
iti
ons
of
hea
t
fro
m a
pow
er
gen
era
tin
g p
lan
t
at
Nin
e M
ile
Poi
nt
inc
rea
sed
the
sta
ndi
ng
cro
p
of
Bos
min
a 2
5.0
tim
es
and
of
Dap
hni
a r
etr
ocu
rva
1.2
tim
es.
The
re
is
no
str
ong
evi
den
ce
to
ind
ica
te
cha
nge
s i
n
zoo
pla
nkt
on
in
the
few
yea
rs
sin
ce
the
rep
ort
to
IJC
on
con
dit
ion
s i
n
the
mid
—19
60'
s
(IJ
C L
owe
r
Lak
es
Rep
ort
,
196
9).
The
dat
a a
re,
how
eve
r,
ina
deq
uat
e
to
det
ect
an
y
but
the
mo
st
ex
tr
em
e
ch
an
ge
s
tha
t
ma
y
ha
ve
oc
cu
rr
ed
sin
ce
im
pl
em
en
ta
ti
on
of
the
Wa
te
r
Qu
al
it
y
Ag
re
em
en
t
was
ini
tia
ted
.
Benthos
Al
l
of
the
st
ud
ie
s
on
the
ma
cr
ob
en
th
os
of
Lak
e
On
ta
ri
o
ha
ve
sh
own
tha
t
Am
ph
ip
od
a
(sc
uds
),
Ol
ig
oc
ha
et
a
(s
egm
ent
ed
wor
ms
),
Ch
ir
on
om
id
ae
122
 (midges),
and
Sphaeriidae
(fingernail
clams)
are
the
major
taxa
except
in
certain
very
shallow
locations.
In
depths
over
about
30—40
m
the
scuds
and
worms
almost
always
make
up
the
great
majority
of
the
macrofauna.
In
the
deep
profundal
zone
of
the
lake
the
scud
PontoBoreia
affinis
and
the
worm
Stylodrilus
heringianus
predominate
with
the
worms
Tubifex
tubifex
and
Limnodrilus
hoffmeisteri,
the
fingernail
clams
(probably
mostly
Pisidium
conventus),
and
the
midge
Heterotrissocladius
subpilosis
common
(Kinney
1972).
The
epibenthic
form
Mysis
relicta
also
seems
to
be
quite
common
at
times,
although
this
form
is
so difficult
to
sample
quantitatively
that
its
relative
importance
is
still
not
well
established.
The
deep
water
fauna
of
this
lake
are still basically
that of a oligotrophic—mesotrophic
lake
and
are
similar
to
that
found
in
Lake
Michigan
(Hiltunen
1969).
 
Certain
areas
of
Lake
Ontario
are
showing
strong
signs
of
changes
to
the
benthos
due
to
cultural
effects.
Kinney
(1972)
suggests
that
most
of the harbor, bay, and river mouth areas are characterized by benthic
species associated with polluted or enriched
habitats.
He
states
that
evidence of organic
pollution on the U.S.
side
in 1967—70
was particularly
apparent at
the mouth of
the Niagara,
in the Rochester
Embayment,
and
in
Oswego Harbor.
Nalepa and Thomas
(1976) found the most obvious eutrophic
areas during November 1972 were at the mouth of the Niagara and off
Toronto.
The pollution-tolerant forms Limnodrilus hoffmeisteri and
Tubifex tubifex dominated in these areas.
Mesotrophic conditions of
moderate enrichment were noted along the New York shore from the mouth
of the Niagara to Rochester.
Johnson and Brinkhurst (1971) have looked at the benthic fauna in
a more limited area, i.e. the Bay of Quinte, Prince Edward Bay and the
adjacent part of the lake proper. They find a chironomid association
indicative of eutrophic conditions in the inner and middle areas of the
Bay of Quinte and a more diverse fauna indicating mesotrophic conditions
in the outer areas of the Bay of Quinte and in Prince Edward Bay.
There are no indications of any large changes in benthic conditions
since those reported in the IJC Lower Lakes Report (1969). However,
the data are so few and the time since the previous collections so short
that even rather substantial trends would not have been detected.
Nutrient Chemistry
Near Shore.
The Ontario Ministry of the Environment has found no significant
changes in the total phosphorus and total nitrogen levels along the
Ontario shoreline since 1967. These findings reflect the lack of clear
trends observed for total phosphorus and total nitrogen loadings over the
same period.
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a f
rom
Pic
ker
ing
to
Cob
our
g
ex
hi
bi
te
d
av
er
ag
e
sp
ri
ng
va
lu
es
of
20
ugP
/R
du
ri
ng
the
las
t
fiv
e
yea
rs
whi
le
the
To
ro
nt
o
Ce
nt
ra
l
Wa
te
rf
ro
nt
,
in
cl
ud
in
g
the
Hu
mb
er
Riv
er
mo
ut
h
are
a,
sho
wed
a l
eve
l o
f
50
ugP
/R
dur
ing
the
sam
e p
eri
od.
An
al
ys
is
of
va
ri
an
ce
of
tot
al
ph
os
ph
or
us
lev
els
du
ri
ng
197
5
was
ex
am
in
ed
to
de
li
ne
at
e
are
as
of
si
gn
if
ic
an
t
di
ff
er
en
ce
s
at
the
95
pe
rc
en
t
co
nf
id
en
ce
lim
it.
The
On
ta
ri
o
sh
or
el
in
e
was
fou
nd
to
be
co
mp
ri
se
d
of
fou
r
si
gn
if
ic
an
t
ar
ea
s
nam
ely
:
Ni
ag
ar
a
Ri
ver
out
let
,
St
on
ey
Cr
ee
k
to
Bu
rl
in
gt
on
,
Po
rt
Cr
ed
it
to
To
ro
nt
o
Ce
nt
ra
l
Wa
te
rf
ro
nt
an
d
Os
ha
wa
to
Co
bo
ur
g.
Th
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.
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very
dist
inct
epil
imni
on d
eple
tion
is o
bser
ved
duri
ng t
he s
umme
r pe
riod
(gen
eral
ly b
etwe
en J
une
and
Octo
ber)
with
the
volu
me w
eigh
ted
conc
entr
atio
n
dropping as low as 60.0 ugN/R in 1969. A similar low value was computed
for
1972
.
Ther
e i
s,
howe
ver,
ins
uff
ici
ent
data
to
det
erm
ine
the
min
imu
m
avai
labl
e ni
trog
en c
once
ntra
tion
for
all
the
year
s co
nsid
ered
in t
his
stud
y.
The
data
calc
ulat
ed f
or t
he s
prin
g pe
riod
, Ma
rch-
Apri
l, i
ndic
ate
cle
arl
y t
he
hom
oge
neo
us
nat
ure
of
the
wat
er
col
umn
dur
ing
this
time
of
year
and
a m
ean
con
cen
tra
tio
n o
f 2
51
ugN
/Q
was
cal
cul
ate
d f
or
the
dat
a
set.
The
spri
ng
vol
ume
wei
ght
ed
con
cen
tra
tio
n d
ist
rib
uti
on
was
sub
jec
ted
to
a r
egr
ess
ion
ana
lys
is
to
dis
cer
n t
ren
ds
in
time
.
A s
ign
ifi
can
t
increasing trend of 9.6 pgN/l/year (significance > .95) was computed for
the period of study. This represents an increase over the study period
of 85,700 m tons, approximately a 20 percent increase over the 1968
int
egr
ate
d q
uant
ity.
Due
to
unf
ort
una
te
gaps
in
the
dat
a d
uri
ng
1968
and
197
5,
som
e o
f t
he
amm
oni
a (
NH3
) d
ata
for
the
se
yea
rs
was
est
ima
ted
bas
ed
on
dat
a f
rom
196
9—1
974
.
The
maj
or
com
pon
ent
inv
olv
ed
in
the
cal
cul
ate
d i
ncr
eas
e i
s t
he
(NO
3+N
02—
N)
wit
h a
mmo
nia
rep
res
ent
ing
les
s
than 10 percent of the available nitrogen.
Sum
mar
y o
f
P a
nd
N.
The
pre
cee
din
g a
sse
ssm
ent
has
hig
hli
ght
ed
the
ins
hor
e/o
ffs
hor
e h
ori
zon
tal
dif
fer
ent
iat
ion
in
Lake
Onta
rio.
For
exam
ple,
the
mol
ar
rati
o o
f a
vai
lab
le
nit
rog
en
to
ino
rga
nic
pho
sph
oru
s
in
nea
rsh
ore
wat
ers
ran
ged
fro
m 1
3:1
in
summ
er
to
66:1
in
fall
, w
her
eas
the
rat
ios
in
the
ope
n l
ake
var
ied
fro
m 1
00:1
in
sum
mer
to
66:1
in
fall
.
The
sea
son
al
var
iat
ion
for
the
mac
ron
utr
ien
ts:
i.e
.
pho
sph
oru
s
and
nit
rog
en,
in
the
ope
n l
ake
and
aff
ect
ed
nea
rsh
ore
reg
ion
s
sub
jec
t
to
sig
nif
ica
nt
inp
uts
,
is
mos
t
pro
bab
ly
due
to
var
iou
s
phy
sic
al,
che
mic
al
and
bio
log
ica
l p
roc
ess
es
whi
ch
are
und
er
stu
dy
at
thi
s t
ime
.
Dissolved Oxygen
Alt
hou
gh
pre
sen
t d
iss
olv
ed
oxy
gen
lev
els
in
the
ope
n w
ate
rs
of
Lak
e
Ont
ari
o a
re
abo
ve
the
6.0
mg/
l o
bje
cti
ve,
the
re
are
rea
son
s f
or
som
e
con
cer
n.
Fir
st,
an
IFY
GL
stu
dy,
(Th
oma
s,
in
pre
p)
of
sed
ime
nt
oxy
gen
dem
and
rev
eal
ed
sev
era
l d
eep
wat
er
are
as
nea
r t
he
sed
ime
nt—
wat
er
int
erf
ace
wit
h d
ecr
eas
ed
oxy
gen
lev
els
.
In
add
iti
on,
oxy
gen
lev
els
in
two
sig
nif
ica
nt
nea
rsh
ore
are
as,
Ham
ilt
on
Har
bou
r a
nd
Pri
nce
Edw
ard
Bay
, a
re
sev
ere
ly
dep
let
ed.
Con
cen
tra
tio
ns
of
les
s t
han
1.0
mg/
l w
ere
mea
sur
ed
in
Ham
ilt
on
Har
bou
r a
nd
less
than
3.0
mg/
l i
n P
rin
ce
Edwa
rd
Bay.
Thes
e l
ow
leve
ls
ser
ve
to
acc
ent
the
pot
ent
ial
for
pos
sib
le
wid
e s
pre
ad
pro
ble
ms
in
the
future.
An
imp
ort
ant
fac
tor
in
mai
nta
ini
ng
ade
qua
te
dis
sol
ved
oxyg
en
in
the
ope
n w
ate
rs
is
the
dep
th
of
the
hyp
oli
mni
on.
Lak
e On
tar
io
is
rel
ati
vel
y
dee
p a
nd
a l
arg
e v
olu
me
of
wat
er
is
con
tai
ned
in
the
hyp
oli
mni
on
whe
n
the
lak
e s
tra
tif
ies
.
Thi
s p
rov
ide
s a
com
par
abl
y l
arg
e a
mou
nt
of
dis
sol
ved
130
 oxygen
for
the
oxygen
demanding
processes
(which
OCCur
in
the
hypolimnion)
to
draw
from
and
oxygen
concentrations
remain
relatively
high
even
though
a
large
amount
of
oxygen
is
used.
A
long
term
trend
for
dissolved
oxygen
in
Lake
Ontario
is
difficult
to
establish.
Isolated
instances
of
significant
(saturation
<75
percent)
oxygen
depletion
problems
have
been
identified
in
the
open
waters
of
the
lake.
These
include
a
1965
study
by
the
Federal
Water
Pollution
Control
Administration
in
which
values
below
70
percent
saturation
were
found
(Casey,
g£_al.,
1973)
and
the
work
of
Dobson
(1967),
in
which
oxygen
saturation
in
the
bottom
waters
of
Prince
Edward
Bay
in
each
of
three
late
summer
cruises
was
below
70 percent
saturation.
In
1967,
the
minimum
level
of
oxygen
saturation
was
82
percent
(International
Lake
Erie
Water
Pollution
Board
and
International
Lake
Ontario
—
St.
Lawrence
River
Water
Pollution
Board,
1969),
while
in
1970
and
1971
no
dissolved
oxygen
levels
below
75
percent
saturation
were
detected.
In
1974
and
1975,
oxygen
levels remained
above
80 percent
saturation except in
Prince
Edward Bay.
From
these observations
it appears
that overall
dissolved
oxygen
levels
in
the open lake
have not changed
in
the
last
10
years.
Dissolved Solids
Open Lake
A general assessment of the offshore water quality condition in
Lake Ontario can be attained by measuring its chloride content and specific
conductance (total dissolved solids content).
Chloride is a conservative element in the lake system which means
that its concentration in the lake varies directly with loadings and lake
volume, and inversely with lake discharge.
It is therefore an ideal
parameter with which to calculate chemical budgets or to trace chemically
distinct water masses.
As pointed out in Vol. 3 of the IJC Lower Lakes Report of 1969, the
chloride concentration in Lake Ontario had increased from 7 mg/l in 1907
to 26 mg/l in 1966. This is an annual rate of increase of 0.32 mg/l/yr.
Since 1966, mid—lake chloride data (Fig. 3:6) indicate that the chloride
concentration increased even more rapidly (0.48 :0.07 mg/l/yr) until
1971 to a lake-wide concentration level of 28.5 mg/l. From 1972 to
1975 chloride concentration remained at 28.8 i 0.1 mg Cl/l.
The recent stabilization of chloride concentration in Lake Ontario
is attributable to the increased water outflow from the lake. If the outflow
volume had remained at its 1971 level, the chloride concentration in Lake
Ontario now would be 30.5 mg/l and the 0.5 mg/l/yr rate of increase
w0u1d have been maintained. However, the loading and discharge of chloride
to and from Lake Ontario does appear to have reached an input—output
equilibrium near 7,500 metric tons per year over the last 4 years. If
this balance between loadings and output is maintained, the chloride
concentration will remain at 28.8 mg/l in Lake Ontario.
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 Specific conductance (T.D.S.) data can be used for the same purposes
as chloride. However, the usefulness of these data is limited by the
fact that some ionic components (notably Ca+2, HC073 and Mg+2) undergo
a seasonal variation which often is larger than their year to year or
areal differences in the lake. Any conclusions utilizing specific
conductance data must therefore be treated with caution.
Since 1966, the specific conductance in offshore Lake Ontario has
ranged between 325 and 345 umhos/cm at 25°C averaging 335j8 umhos/cm.
From Fig. 3:7, it is seen that the concentration has increased from 1966
until 1970, and then has decreased from 1971 to the present. Statistical
analysis has shown that although these trends are real (r=0.9), they are
not significant (confidence level = i 100 percent). Considering the
uncertainty associated with T.D.S. measurements (:_10 percent), this result
is not surprising, and no trend over the last ten years can be established.
It appears that a maximum T.D.S. concentration was reached during 1970
and this conclusion is consistent with that reached using the chloride
data.
Using a specific conductance to T.D.S. conversion factor of 0.65,
the total dissolved solids levels in Lake Ontario are usually in violation
of the 200 mg/l IJC objective. During summer, the T.D.S. concentrations
in the warm waters of the lake decreased markedly (Fig. 3:8) so that
concentrations approach the compliance objective of 200 mg/l. The warm—
water decrease in T.D.S. results from the precipitation of calcium
carbonate due to biological processes in the epilimnion. This process
effectively removes calcium and bicarbonate ions from the upper 25m of
the water column. With the onset of fall overturn, the T.D.S. levels
are again in excess of the compliance objective over the entire lake.
Being the last in the chain of Great Lakes, Lake Ontario is the
ultimate catch—basin for all the material discharged through the Great
Lakes system. Thus, the water quality of Lake Ontario is highly dependent
upon
the
qua
lit
y o
f w
ate
r e
nte
rin
g i
t;
in
part
icul
ar,
that
from
Lake
Erie.
In
the
cas
e o
f
spe
cif
ic
con
duc
tan
ce,
the
wat
er
lea
vin
g L
ake
Hur
on
ave
rag
es
200
umh
os/
cm
@ 25
°C,
whi
le
the
wate
r e
nte
rin
g t
he
Nia
gar
a R
iver
ave
rag
es
310
umh
os/
cm
@ 2
5°C
.
Muc
h o
f t
his
50
per
cen
t i
ncr
eas
e i
n
spe
cif
ic
con
duc
tan
ce
can
be
rel
ate
d d
ire
ctl
y t
o a
nth
rop
oge
nic
act
ivi
ty
in
the
Lak
e E
rie
bas
in
(Fi
g.
3:9
).
Obv
iou
sly
, t
her
e c
an
be
no
hop
e o
f
bri
ngi
ng
the
T.D.
S.
(Spe
cifi
c c
ondu
ctan
ce)
cont
ent
of
Lake
Ont
ari
o i
nto
co
mp
li
an
ce
wi
th
the
IJC
ob
je
ct
iv
e
of
200
mg
/l
unt
il
the
inp
uts
fr
om
the
res
t
of
the
Gre
at
Lak
es
Sys
tem
are
red
uce
d.
The
ref
ore
,
the
T.D
.S.
pro
ble
m o
f
Lak
e O
nta
rio
act
ual
ly
is
a G
rea
t L
ake
s
Bas
in
pro
ble
m a
nd
its
suc
ce
ss
ful
re
so
lu
ti
on
is
de
pe
nd
en
t
up
on
the
re
me
di
al
ef
fo
rt
s
of
all
the Great Lakes communities.
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Nearshore
In general, the specific conductance data collected by the Ministry
of the Environment during the period 1967—1975 from the nearshore zone
closely supports data collected in the open lake. For the five nearshore
study areas (Toronto, Scarborough, Pickering—Cobourg, Hamilton—Port
Credit, Humber River), the maximum conductance values recorded during
the study period were observed during 1970—1971. As in the open lake,
conductance values increased until 1970—1971 and have been decreasing since.
In addition, specific conductance decreases in the warm waters of the
nearshore zone during the summer, as it decreases in the main lake. Finally,
it should be noted that only Toronto Harbour and the Humber River areas
exhibited specific conductances consistently higher than the main lake.
These differences are maximized during the summer when nearshore conduct—
ances average 335 umhos/cm in these areas compared to the open lake average
of 310 umhos/cm.
Toxic And Contaminating Substances in Fish and Other Biota
 
The native fishcommunity of Lake Ontario is diverse, consisting of
112 species belonging to 25 families. The commercial fishery (1975
production — 1,322 metric tons values at $834,000) is moderate compared
with that of Lake Erie, but sport fishery is a multi—million dollar
industry and is particularly important to the economy of the south
shore. These fisheries are jeopardized by the occurrence in some species
of persistent contaminants at levels in excess of government guidelines.
Some of these contaminants have been monitored by New York and Ontario
agencies since 1966, but efforts have been too sporadic and local to
provide good trend data. Moreover, information on levels of contaminants
in invertebrates is very sparse. There is a need for a comprehensive
contaminant surveillance program in Lake Ontario to overcome these
deficiencies. Nevertheless the following general observations are
possible.
Chlorinated Hydrocarbons. During 1975, monitoring capabilities on both
sides of the lake were focussed on PCBs. Results from New York DEC
(Table 3:4) indicate that mean PCB concentrations in all salmonid
spec
ies
and
Amer
ican
eel
exte
eded
the
USFD
A gu
idel
ine
of 5
ppm.
Hist
oric
al
data (included in Table 3:4) are inadequate for trend determination;
however, limited data from the Niagara River, St. Lawrence River, Lake
Ontario inshore areas and tributaries (Table 3:5) indicate that mean PCB
leve
ls i
n sa
lmon
ids
exce
eded
the
guid
elin
es i
n mo
st o
f th
ese
area
s.
PCB
con
cen
tra
tio
ns
in a
ll
of
the
coho
salm
on
(28)
take
n i
n a
samp
le
from
the
Cred
it R
iver
spaw
ning
popu
lati
on i
n au
tumn
1975
exce
eded
the
2 pp
m in
teri
m
gui
del
ine
est
abl
ish
ed
by
the
Can
adi
an
Dep
art
men
t o
f H
eal
th
& We
lfar
e.
The
se
dat
a p
oin
t u
p t
he
dan
ger
tha
t t
his
con
tam
ina
nt
pre
sen
ts
to
the
salmonid sport fishery on both sides of the lake.
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TABLE 3:4
Me
an
Co
nc
en
tr
at
io
ns
(p
pm
)
of
To
ta
l
PC
Bs
in Lake Ontario Fishes
Sp
ec
ie
s
1
9
m
g
19
71
19
74
19
75
Co
ho
sa
lm
on
6.
7
6.
3
8.
4
Ch
in
oo
k
sa
lm
on
23
.9
7.
2
13
.1
Ra
in
bo
w
tr
ou
t
2.
0
5.
8
Br
ow
n
tr
ou
t
5.
3
La
ke
tr
ou
t
7.
7
9.
4
Sm
al
lm
ou
th
ba
ss
3.
9
1.
8
La
rg
em
ou
th
ba
ss
8.
5
0.
9
Ro
ck
ba
ss
1.
5
0.
8
Wh
it
e
pe
rc
h
10
.3
4.
2
Ye
ll
ow
pe
rc
h
0.
4
Wa
ll
ey
e
2.
9
Bl
ac
k
cr
ap
pi
e
1.
7
Pu
mp
ki
ns
ee
d
0.
0
No
rt
he
rn
pi
ke
1.
5
Br
ow
n
bu
ll
he
ad
0.
6
Am
er
ic
an
eel
6.3
Ra
in
bo
w
sm
el
t
2.1
Wh
it
e
su
ck
er
3.
4
Wh
it
e
ba
ss
30
.8
Ca
rp
2.
1
l]
Da
ta
not
wh
ol
ly
re
li
ab
le
as
re
su
lt
s
re
po
rt
ed
se
ver
al
Ar
oc
lo
rs
.
  
‘
x
i
i
I
A
n
 TABLE 3:5
Mean Concentrations (ppm) of Total PCBs in Fishes from Niagara River, St. Lawrence River,
Inshore Lake Ontario and Tributaries, 1975
Credit Sandy
Off Salmon Salmon R. Niagara St. Lawrence
Species
Rochester River
Pond
Oswego
River
Estuary
River
River
Coho salmon
3.8
10.5
8.2
11.3
8.0
Chinook salmon
5.7
23.8
15.8
8.3
Rainbow trout
3.8
4.6
3.6
8.1
Brown trout
5.3
4.4
Lake trout
11.0
4.6
12.3
13.9
Smallmouth bass
3.3
4.6
Largemouth bass
0.9
3.1
1
3
9
Rock bass
3.6
White perch
5.1
Yellow perch
0.4
Walleye
2.4
Black crappie
1.7
Northern pike
3.0
2.3
American eel
6.3
Rainbow smelt
2.1
White sucker
3.
‘
3
'
White bass
11.3
   
   
DDT concentrations in Lake Ontario fish have decreased steadily
since control of distribution of the pesticide became effective in 1971
and are now below the guideline of 5 ppm in all species.
In addition,
1975 levels of dieldrin in Lake Ontario fish were not in excess of the
USFDA guideline of 0.3 ppm.
Residues of the persistent pesticide Mirex were found in some Bay
of Quinte
fishes in 1974.
Mirex may be a problem elsewhere in the lake
but has not yet been studied.
Mercury. Canadian data on mercury (Table 3:6) indicate that mean
concentrations in several species are now below the U.S. Food and Drug
Administration and Canadian Food and Drug Directorate guideline of 0.5
ppm. However, levels in larger individuals of rock bass and small mouth
bass still exceed the guideline.
New York DEC reports that it is doubtful
if major changes have occurred in concentrations of mercury in fish
flesh since 1973 and levels in some species are still above the guideline.
Contaminants in Other Biota. In 1975, samples of net plankton (64 u
mesh, mixed zooplankton and phytoplankton) were collected at 11 stations
(one central mid—lake, one Hamilton Harbour and nine inshore) for pesticide
and PCB residue analysis. Residues of heptachlor, aldrin, endrin,
B-endosulfan and pp' methoxychlor were below the levels of detection.
The following were reported at low levels at one or two of the eleven
stations: lindane, chlordane, heptachlor epoxide, and endosulfan.
Residues of DDT, dieldrin and P035 were found in the net plankton at all
stations (Table 3:7). Highest concentrations of PCBs were found in the
Niagara plume, offshore from Oswego and in Hamilton Harbour.
 
Cladophora in Lake Ontario
Historically, CZadophora began to create a problem in localized areas
near Toronto in the early 1930's, and by the late 1950's nearly all suitable
substrate between Toronto and Hamilton was heavily overgrown with the alga.
By the early 1960's CZadophOPa beds were general east of Toronto; however,
the growths were intermittent and individual filaments were generally shorter
than in the western end of the lake.
As part of the IFYGL program in 1972 a complete survey of CZadophora
beds was carried out on both the Canadian and U.S. shorelines.
For the
L
Canadian portion it became apparent the 1960 situation had reversed and
the largest standing crops consistently occurred along remote stretches
of shoreline in the eastern end of the lake no longer at the western end.
At the same time heavy growths characterized virtually all areas of
suitable substrate on the U.S. side of the lake. Sixty—six percent of
the bottom (to 5m depth) along the shore from Niagara to Rochester was
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TABLE 3:6
Concentrations in Mercury in Lake Ontario Fishes, 1975
Length (cm) Weight (g) ppm Hg
No.
Species Fish Min. Avg. Max. Min. Avg. Max. Min. Avg. Max.
Yellow
Perch 10 20 21 24 109 138 189 .13 .20 .38
Smelt 5 16 19 22 25 53 102 .13 .16 .20 f
Alewife 5 13 14.6 15 23 26 29 .09 .11 .14 1;
Rock Bass 10 18 21 25 155 233 378 .25 .47 .74
3:
Small mouth E
Bass 9 28 34 41 359 692 1050 .31 .65 1.62 if
.
E.
ii
*2
.'.-‘
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TABLE 3:7
Concentrations (pg/gm dry weight) of Chlorinated
id Hydrocarbons in Lake Ontario Net Plankton
(64 u mesh), 1975
Total Total
DDT Dieldrin PCBs
L .
Toronto offshore
0.42
0.09
1.1
1 :
inshore
0.44
0.06
1.2
1
Niagara plume
0.11
0.02
2.9
Mid—south shore 0.27 0.04 1.3
Mid—lake 0.71 0.02 1.4
E
Rochester
0.15
0.07
0.8
‘
Oswego
trace
<0.001
3.9
Outlet 0.22 0.05 0.8
Adolphus Reach 0.12 0.01 0.4
Port Hope 0.23 0.08 0.6
Hamilton Harbour 1.26 0.09 6.3
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 found to support Cladophora growths (average width 277 m), while from
Rochester to Stony Pointat the eastern end of the lake, Cladophora
covered 79 percent of the bottom in a band 350 m wide.
Shoreline Accumulations. In 1974 Neil made quantitative observations
on shoreline accumulations from a low level flight around the perimeter
of the lake. The results are presented in Table 3:8. It is interesting
to note that the heaviest accumulations occurred to the east of Toronto
in the area of least development on the lake. Shoreline accumulations
were found to range from a few centimeters to one meter in depth, and
from a narrow band at the water's edge to fifteen or more meters in
width on beaches.
Table 3:9
PERCENTAGE OF LAKE ONTARIO BEACH
WITH CLADOPHORA ACCUMULATION
Percent Cover Miles Observed
5 191
10 66
15 90
20 43
30 g;
415 total observations
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the lake, with the first two in very remote areas distant from any
source of local enrichment. Moore and Sweeney both measured small
biomasses on the southern shore and again the greatest quantity was
present at the eastern end of the lake.
The average biomass calculated from samples collected by Owen along
transects from the Canadian shore was 224 g/m2 at 1.5 m, 193 g/m2 at
3.0 m and 100 g/m2 at 5.0 m. It would appear that the 1.5 m depth is
the most productive area; however, Sweeney found the greatest biomass at
6.0 m for samples collected in late July.
Neil also compared Owen's data seasonally to determine the period
of maximum biomass. The greatest biomass was found to be present in early
July. (June 4th to 20th - 158 g/m2, July 5th to 12th - 224 g/m2, August
15th to 17th — 67 g/mZ).
The overall mean calculated for Owen's samples from the IFYGL study
was 168.6 g - dry wt/mz.
Although a number of assumptions had to be made, Neil was able to
combine the data of Owen, Moore, Sweeney and Wezernak to produce a rough
estimate of the area covered by Cladophora and of the standing crop. Table
3:9 indicates that the estimated total area and standing crop were 187
square kilometers and 19,510 metric tons, respectively. From the data
available it would appear that almost 70 percent of the standing crop of
Cladophora in Lake Ontario was on the Canadian shore in 1972.
Microbiology
Shoreline
Public beaches on the Canadian side of Lake Ontario are monitored
during the summer recreational period by several provincial regulatory
agencies concerned with the safety of body contact recreation in these
areas. Local departments of health in cooperation with the Ontario
Ministry of the Environment, sample the bacteriological water quality
along public beaches on the north shore of Lake Ontario from Burlington
to Oshawa (Figure 3:10).
The Ministry of Natural Resources monitors the bacteriological
water quality along Provincial Park beaches located on the north shore
of Lake Ontario (Figure 3:10). This program is carried out from the
shore with a twice weekly sampling frequency from May to September.
 TABLE 3:9
CLADOPHORA STANDING CROP (DRY WT.) LAKE ONTARIO
JULY, 1972
Total
No. of Metric Tons Per Metric Tons
Sq. Kilometers Sq. Kilometer
Standing Crop
Niagara to 45.1 40
Rochester:
Rochester to 53.4 82
Stony Pt.:
Canadian 88.3 151
Shore:
Total Lake 186.8
Ontario:
1,814
4,399
13,297
192510
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Data collected by the agencies over the last few years form a basis
for discussion in this section. The bacteriological water quality along
the majority of beaches located on the north shore of Lake Ontario has
been steadily
improving over
the
last
three years.
However,
several
beaches characterized by fecal contamination have been identified
as areas of concern. These include western beaches along the Toronto
Waterfront influenced by the Humber River and the beach areas on the
west side of Etobicoke Creek.
Total Coliform.
Total coliform levels during 1975 along the Burlington
and Peel beaches were in compliance with the IJC objective (1,000 organisms/100
ml) and were considerably lower than those of previous years 1973—
74 (Figure 3:12). This decrease may be attributed in part to the rising
water levels during 1975.
The beaches in the Borough of Etobicoke are located near the
Etobicoke Creek mouth and are therefore influenced by its discharges.
These public beaches exhibited the highest bacterial levels of all
beaches on the Ontario shoreline of the lake. The average total coliform
levels have remained above 1,000 organisms/100 ml in this area since
1973. The IJC objective for total coliform was exceeded 75 percent of the
time in 1975.
The Toronto western beaches, which are affected by the Humber River
showed elevated levels of total coliform over the past three years. In
1975, the total coliform levels were above the IJC objective for 90
percent of the time.
The Toronto Inner Harbour indicated slight increases in total
coliform levels in 1973. In the recent years, the IJC objective was
exceeded 60 percent of the time. The Toronto Outer Harbour, however,
exhibited decreasing trends where total coliform levels were well below
the IJC objectives with the exception of occasional violations amounting
to 20 percent of the time. All other beaches on the Toronto Waterfront
showed excellent bacteriological water quality.
Fecal Contamination. Levels of fecal coliform along the Ontario beaches
are illustrated in Figure 3:13. The Toronto western beaches and Borough
of Etobicoke beaches exhibited the highest percentage of violations for
the IJC objective for fecal coliform (200 organisms/100 ml). The above
objective was exceeded about 60 percent of the time at these two beaches
during 1975. The fecal coliform to fecal streptococci ratio was used to
identify the source of contamination. In the Toronto area, the ratio
ranged from 4 to 21 indicating that the contamination is probably of
human origin, and is in part attributed to recreational activities in
the area.
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The
ratios
in
other
public
beaches
such
as
Burlington
and
Scarborough
were
less
than
4,
and
were
considered
indicative
of
urban
drainage.
At
Burlington
the
fecal
coliform
counts
showed
an
apparent
increasing
trend
during the period 1973—75.
The
bacteriological
water
quality
along
the
Ontario
Provincial
Park
beaches
(Figures
3:14
and
3:15)
was
generally
good
with
all
areas
meeting
the
IJC objective.
Open Waters
Water
quality
studies
of
open
waters
of
the
lake
were
conducted
by
the
Water
Quality
Assessment
Unit,
Microbiology
Laboratories,
CCIW
(1974,
1975)
and
the
former
Kingston
Branch
of
the
Public
Health
Engineering
Division
Personnel,
Department
of
National
Health
and
Welfare
(1966—
1970).
These
studies
were
performed
for
the
International
Joint
Commission
Advisory
Board
for
Lake
Ontario
and
St.
Lawrence
River
Water Pollution
Board.
In
this
report
health
oriented
and
trophic
indicator
bacterial
population
data
and
collection
patterns
for
the
years
1966,
1970,
1974
and
1975 are summarized (Figure 3:16).
Water
Sampling.
Water
samples were
collected from a variety of
depths
varying
from
1 meter
below
the
surface
to
2 meters
from
the
bottom.
Bacteriological Parameters.
The following bacteriological parameters
were routinely
tested for:
total coliforms
(millipore filter),
fecal
coliforms (millipore filter), fecal streptococci
(millipore filter) and
aerobic heterotrophic bacterial populations.
All samples were processed
on board the sampling vessel.
 
Monthly and seasonal variations in densities of health—oriented
(total coliforms (MF), fecal coliforms (MF), fecal streptococci (MF))
and aerobic heterotrophic bacteria are presented in Figures 3:17 to 3:20.
Potential Problem Areas. As the heterotrophic bacterial populations
are directly affected by nutrient levels, these populations should
reflect the effects of nutrient control measures. Based on the distribution
of the heterotrophic populations it is suspected that Lake Ontario may
not be experiencing an overall significant increase of limiting nutrients
thus allowing the heterotrophic bacteria to maintain consistent levels
over the past few years. The areas of major influence are the Niagara
River mouth, Metropolitan Toronto and Rochester.
 
The present data indicate that offshore waters are relatively free
of detectable fecal contamination (Figures 3:18 and 3:19). However, health
oriented bacterial populations identify the following areas as being
affected by point source inputs: Niagara River Mouth, Toronto, Oswego,
Rochester, Burlington and Hamilton. .w
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LAKE ONTARIO
MICROBIOLOGICAL STATION LOCATION
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Hamilton Harbour
Hamilton Harbour is an enclosed body of water at the western end of
Lake Ontario having a surface area of approximately 20 kmz. The harbour
receives drainage from a watershed of 500 km2 (147 m3/sec), direct
discharges from steel industries (132 m3/sec) and effluent from municipal
treatment plants — Skyway STP, Dundas STP and Hamilton STP (27 m3/sec)
and untreated storm sewer overflows (1.0 m3/sec) during overflow periods.
The principal industrial and municipal discharges are located along the
south shore of the eastern section of the harbour, and include two large
steel mills (Stelco, Dofasco) and the Hamilton STP (2.8 m3/sec).
The water quality in the harbour was sampled with varying frequency
in the past. An intensive survey was initiated by MOE in 1975 in which four
stations were sampled weekly throughout the ice—free period. The location of
these sampling points is presented in Figure 3:21.
Oxygen Depletion. A dissolved oxygen problem exists in the hypolimnetic
waters of Hamilton Harbour during the summer months. While the epilimnetic
waters in the deep central basin of the harbour have oxygen levels above
6 mg/l, the oxygen level drops sharply in the metalimnion. Oxygen
profiles for 3 stations are presented in Figure 3:22. Artificial mixing,
conducted by MOE in 1975 had moderate success in increasing oxygen
levels in the hypolimnion (Figure 3:22).
The areas in the deep portion of the harbour, near the Hamilton
STP, along the industrial shore and at the western end have the largest
oxygen deficiencies (Figure 3:23). The average concentration of hypolimnetic
oxygen in waters deeper than 12 m is approximately 2 mg/l in Hamilton
Harbour. It is estimated that approximately 66 percent of the deficit
is caused by oxygen consuming discharges and sediment oxygen demand,
and 33 percent by phytoplankton decay in August (MOE, 1974).
The levels of dissolved oxygen are much higher outside the harbour
(Figure 3:24), with an average concentration in all areas including
the mouth of the Burlington Canal, of approximately 10 mg/l. Very little
variation was found in dissolved oxygen levels of epilimnetic and hypo—
limnetic waters in these areas.
Bacterial Contamination. The bacteriological water quality of Hamilton
Harbour is generally poor. In 1975, the IJC total coliform objective of
1,000 organisms/100 ml was exceeded in the surface waters of the harbour
near the Hamilton STP, near the Skyway STP and in the middle of the
harbour. The fecal coliform objective of 200 organisms/100 ml was
exceeded only near the Hamilton STP however, suggesting that severe
bacterial contamination is confined to the south-eastern section of the
harbour.
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Table
3:10:
Geometric
means of microorganisms
in Hamilton Harbour,
1975
(Number of organisms/100 ml)
Stn.
Total
Fecal
Fecal
Pseudomonas
£9
N0.
Coliforms
Coliforms
Strep
FS
(TC) (FC) (FS)
4
5066
205
11
27
18.6
252
1254
70
3
4
23.3
258
2125
62
2
3
31.0
270
827
41
3
2
13.6
      
Evidence of human fecal contamination exists throughout the harbour.
The fecal coliform/fecal streptococcus ratio for all stations sampled in
1975 greatly exceeded 4, a ratio indicative of pollution by human wastes
(Lin et a1) 1974). High levels of Pseudomonas aeruginosa found near the
Hamilton STP (Table 3:10) further suggest that the bacteriological contamination
in the harbour is of human origin.
Little change in bacterial levels was observed in the period 1970 to
1975 (Table 3:11).
 
Table 3:11: Geometric means of fecal coliforms
(Number of organisms per 100 ml)
Station Year
Number 1970 1971 1972 1974 1975
20 831 246 319 260 N/A
256 1026 359 488 500 N/A
262 355 286 494 364 N/A
265 51 12 97 18 N/A
258 37 42 79 N/A 62
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ave
rag
e
iro
n
con
cen
tra
tio
n
in
the
har
bou
r
sur
fac
e w
ate
rs
was
0.3
0 m
g/l
.
Mea
n
ann
ual
lev
els
of
iro
n a
t
sta
tio
ns
sam
ple
d i
n
the
har
bou
r a
re
pre
sen
ted
in
Tab
le
3:1
2.
 
Tab
le
3:1
2:
Ann
ual
Con
cen
tra
tio
n o
f I
ron
in
Ham
ilt
on
Har
bou
r,
197
5
Sta
tio
n
Ann
ual
Con
cen
tra
tio
n
of
Iro
n
(mg
/1)
Num
ber
Sur
fac
e M
ean
Wat
er
Col
umn
Mea
n
4
0.4
7
0.3
6
252
0.2
3
0.2
8
258
0.2
1
0.2
3
270
0.2
0
0.2
9
    
Sev
era
l
oth
er
hea
vy
met
als
are
dis
cha
rge
d
int
o
the
har
bou
r.
Pr
el
im
in
ar
y
da
ta
sug
ge
st
s
tha
t
zin
c
ma
y
be
di
sc
ha
rg
ed
in
su
ff
ic
ie
nt
ly
lar
ge
qu
an
ti
ty
to
ha
ve
a
tox
ic
eff
ect
on
the
aq
uat
ic
bio
ta.
The
av
er
ag
e
zin
c
lev
el
in
the
wat
er
col
umn
is
0.0
59
mg/
l w
ith
a m
axi
mum
of
0.1
2
mg/
l r
eco
rde
d
nea
r
the
sou
th
sho
re
of
the
har
bou
r.
Nui
san
ce
Alg
al
Gro
wth
.
Phy
top
lan
kto
n b
loo
ms
are
com
mon
in
the
har
bou
r.
The
mea
n c
hlo
rop
hyl
l a
con
cen
tra
tio
n
(in
Ham
ilt
on
Har
bou
r)
dur
ing
the
per
iod
196
6—1
972
was
23
ug/
l
ind
ica
tin
g
tha
t
the
har
bou
r
is
eut
rop
hic
(EP
A,
197
3).
In
197
5,
the
ave
rag
e s
urf
ace
con
cen
tra
tio
n w
as
17
ug/
l
wit
h a
max
imu
m o
f 9
3 u
g/l
rec
ord
ed
in
Jul
y a
t t
he
nor
th
end
of
the
har
bou
r.
Mea
n a
nd
max
imu
m
chl
oro
phy
ll
a l
eve
ls
rec
ord
ed
in
the
sur
fac
e
wat
ers
in
197
5
are
pre
sen
ted
in
Tab
le
3:1
3.
’
  
 Figure
3:25
Colifo
rm Con
centra
tions
in Sur
face W
aters
Adjace
nt
to Hamilton Harbour
1
6
3
H
A
M
H
J
O
N
HA
RB
OU
R
 
 
 
 
 
     
®
SCALE
OF KM
O
1
2
SCALE
OF MIL
ES
EZZZZZZZZIEEEEEEEEE
o
1
2
     
 
1
9
7
5
TOTAL
COLIFO
RM
10
00
100
No/100 mls
10
1
FECAL COLIFORM
100
1
0
1 No/100 mls
 Table 3:13:
Mean and maximum levels of chlorophyll a in Hamilton Harbour,
1975.
   
 
Station
Surface Chlorophyll a, 1975 (ug/l)
Number Mean Maximum
4 23.6 57
252
25.9
>93
258 20.3 48
270 20.6 33
     
High periodic phosphorus levels may contribute to the observed algal
blooms. The average total phosphorus level in 1975 was 80 ug/l for the
water column and 78 ug/l for surface waters. The relationship between total
phosphorus and chlorophyll a in the harbour is weak (correlation 0.54)
suggesting that factors other than phosphorus may effect algal growth.
It is suspected that high heavy metal and turbidity levels inhibit algal
growth in Hamilton Harbour.
Outside the harbour, both chlorophyll a and total phosphorus are
relatively low (Figure 3:26). The problem does not appear to extend beyond
the mouth of Burlington Canal were average chlorophyll 3 levels of 14.1
ug/l and total phosphorus of 55 ug/l were recorded in 1975. Average
chlorophyll a levels in the adjacent open lake waters were 3 to 5 ug/l,
well below the 10 ug/l level considered to be eutrophic.
Benthic Impairment. The sediments in Hamilton Harbour contain elevated
levels of heavy metals with the most affected locations near Randles
Reef and the Hamilton STP outfall (MOE 1974). The distribution of
heavy metals in the harbour is presented in Table 3:14.
Both lead and mercury levels in the sediments are above 50 ppm and
1 ppm respectively, considered by EPA as being acceptable for open water
disposal of dredged materials. (International Working Group on Abatement
and Control of Pollution from Dredging Activities, 1975). The lower level
for mercury suggested by MOE (0.3 ppm) is likewise exceeded at most
locations in the harbour.
The benthic invertebrates of Hamilton Harbour is largely characterized
by low species diversity and high densities of individuals. The benthic
fauna is largely restricted to tubificid worms with Tubifex tubifexand
. Limnodrilus hoffmeisteri being the dominant species.
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Figure 3:26 Chlorophyll g and Total Phosphorus Levels in Surface
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TABLE
3:14
COM
POS
ITI
ON
IN
HAM
ILT
ON
HAR
BOU
R,
JULY
19,
1972
Sta
tio
n
264
1
5
262
257
255
256
269
1030
2
6
7
20 268
 
PCB (
ppm)
Lead
(PPm)
Chr
omi
um
(ppm
)
Cadmium (ppm)
Me
rc
ur
y
(p
pm
)
Iron (2)
 
0.
80
100
4
0
2.8
2.0
420
2
1
0
6
.
1
3.
0
930
15
0
18.5
1.7
9
.
4
0.
58
170
120
0.
81
4
.
4
0.
05
2
5
2
7
1.6
0
.
1
7
5
5
47
5.0
0
.
2
1
3.
3
1.3
140
9
7
0.
7
3.
8
0
.
2
2
6
0
13
1.4
0.26
60
41
2.3
0.66
80
43
5.0
0
.
4
2.4
10.1
340
295
3.
8
   
Toxic conditions characterized by an absence of all invertebrate
species exist in the s0uth—east corner of the bay near the Hamilton STP
outfall (MOE, 1974). A comparison of 1972—73 data with that collected
in 1964—65 indicates that the toxic zone has shifted to the east and
presently extends over a larger area (Figure 3:27). The reasons for this
change in location probably relate to the fact that prior to 1964 raw
sewage was discharged to the Ottawa slip; since the development of the
municipal sewage treatment plant in 1964, treated sewage has been dis-
charged to the south—east corner of the harbour (MOE 1974).
A significant increase in invertebrate densities has been reported
in the harbour since 1964. The 1972—73 study revealed that oligochaete
densities exceeded 1,000 individuals/0.093 m2(ft2) throughout most of
the harbour was opposed to less than 100 individuals in 1964—65. This
increase in macroinvertebrate density, coupled with a slight increase in
species diversity, suggests that some improvement in biological conditions
has taken place in recent years.
Fish Contamination. Levels of PCBs in fish caught in Hamilton Harbour
were above the Canadian Food and Drug Directorate recommended guideline
of 2 ppm in carp, white bass and gizzard shad (Table 3:15).
 
Table 3:15 Levels of PCB in Fish Muscle
(August 14-16, 1972, Hamilton Harbour)
Number PCB (ppm)
Station* Fish Species Examined Max. Min. Avg. Median
F2 Carp 3 5.7 0.16 3.72 5.3
White Bass 10 5.6 1.0 2.4 2.15
White Sucker 1 0.4 0.4 0.4 0.4
Gizzard Shad 4 2.0 1.1 1.6 1.65
F3 Carp 6 11.6 0.24 3.36 2.35
Shad 4 3.1 0.91 2.38 2.75
* See Table 3:21 for the location of sample stations.
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 Toronto Central Waterfront
The
Toronto
Central
Waterfront
extends
from
Ontario
Place
in
the
west
to
Ashbridge
Bay
in
the
east
end
and
encompasses
the
Inner
Harbour,
Toronto
Island,
the
Outer
Harbour
and
the
Eastern
Headland.
Toronto
Inner
Harbour
is
an
enclosed
body
of
water
approximately
6.5
km2
in
surface
area.
Within
the
harbor,
recreation
is
one
of
several
activities
competing
for
use
of
the
water.
Sailing
is
popular
in
the
harbour,
but
swimming
is
limited,
being
confined
to
a
small
beach
located
on
Olympic
Island
(Figure
3:28).
The
harbour
serves
as
a
major
port
and
a
receiving
basin
for
urban
runoff
and
sewage
treatment
effluents.
The
north
(Bayfront)
and
east
(Port)
sections
of
the
harbour
house
approximately
70
industries
and
four
major
utilities.
These
establishments
direct
their
process
effluents
to
a
municipal
collection
system
and
discharge
only
cooling
water
directly
to
Lake
Ontario.
During
dry
weather,
the
waste
sources
influencing
the
harbour
consist
of
Don
River
flows
carrying
effluent
from
five
sewage
treatment
plants.
The
largest
plant
is
the
North
Toronto
STP
which
has
a
treatment
capacity
of
0.52
m3/sec
and
is
located
approximately
4
kms
upstream
from
the river mouth (Keating Channel).
Contribution from the waste sources increases considerably during
wet weather
when,
for an average of 100 hours a year,
storm and combined
sewer
overflows discharge
at
the north sector
of
the harbour.
Bacterial Contamination. The Metropolitan Toronto Works Department
monitors waters in the Bayfront area which receive direct discharges
from storm and combined sewers. The program is carried out with a monthly
sampling frequency throughout the ice—free period. Spatial and temporal
trends of bacteriological water quality in this area are presented in
Figure 3:29. In 1975, the geometric mean for total coliforms was 17,000
organisms/100 mls and the geometric mean for fecal coliforms was 280
organisms/100 mls (Water Environment Study Group, 1975).
The City of Toronto Department of Public Works monitors waters
receiving major discharges from storm and combined sewers in the port
area with a twice-weekly sampling frequency throughout the ice—free
period. In 1975 the Keating Channel and the Turning Basin exhibited the
poorest bacteriological water quality within the port area, reflecting
the effect of the Don River and major combined sewer discharges.
169
 
1
7
0
        
.1
99
MO
E
O 35
8
”
O
20
0
"
C
TH
-1
”
Figure 3:28
           
0199
.
2
0
0
Monitoring Station — L
ake Ontario Survei|lan
ce
H
II
" " 1968 Spe’cial Stiidy (Bennette,1969)
Location of Sampling Stations in Toronto Inner Harbour
  
  
  
                                  
Eﬁ$$
 
aIﬁﬁﬁI‘ékﬁw‘W
     
L9
    
HO LII L12
 
100,000 I
I ,
10,000 / / 'y
1,000 ' ‘ V I,
< ,m I, v
E ,, I, ' I .
o ,- x , / ,v
2 9 100 , f “ ' ,
K g 7 ,IV/ , j ’ ,
E a " I. ’ 'I
" an 't I, , 1‘
a 1 10 ’ , ’
.J E , ' '; " I ’ ’
< , ' , I
19% o "‘01 H"
'NNV‘V'I ‘ 1r
3 EINWﬁi
LOCATION L7 10
100,000
10,000
1,000 "
< .
I
33 mo , ,
c C I I,
2 '1' , " x 1
a: 10 /
0 L". / /
Z L
a‘ ‘ iv
5 2 o '
.- o N V
LOCATION R6 R7
       
LH L12
 
  
  
‘1
 
a
' 7‘
0:42.10"
0 1/2 IKnI
Figure 3:29
Bacteriological Densities
Along Toronto Bayfront
     
<
I
o
(no 100
5..
11¢
22
a; 10
"’E
z
a‘<
02 0
30 r
LOCATION R6 R7
   
171
Figure 3:30
Bacteriological Densities
Along Toronto Port Area
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The average total coliform level in 1975 was 46,000 organisms/100
mls in the Turning Basin. The degree of bacterial contamination in the
port area has not changed appreciably since 1972 (Figure 3:30).
The City of Toronto Public Health Department monitors Olympic
Island, public beach situated on the north side of the Toronto Islands,
with a twice—weekly frequency throughout the summer months. Bacteriological
data for this station is summarized in Figure 3:31. In 1975, the mean
annual total and fecal coliform levels were 1100 and 50 organisms/100
mls respectively. The fecal coliform criteria of 100 organisms/100 mls,
specified by MOE for body contact recreation, was exceeded at this site
40 percent of the time during the summer of 1975. The fecal coliform to
fecal streptococcus ratio for this period was 21 suggesting a human
source of bacterial contamination (Lin et a1, 1974). Remoteness of this
site from major input sources suggests that the contamination may originate
from the swimming activities in the area.
In 1968, the Ontario Ministry of the Environment sampled a centrally
located station (Figure 3:28) five days a week for a whole year (Bennett,
1969). The study concluded that total coliform levels in the harbour were
highest in the summer, but fecal coliform densities were not greatly
affected by seasonal influences. The yearly geometric mean for total
coliforms was 5,100/100 ml in summer, 2500 in the fall, dropping sharply
to 680 in the winter. The IJC criteria for total coliforms was exceeded
80 percent in the summer, 70 percent in the fall and 40 percent in the
winter. The geometric mean for fecal coliform was 340 organisms per 100
mls in the summer, 270 in the fall and 140 in the winter. The IJC
criteria for fecal coliforms was exceeded approximately 50 percent in
the summer and fall and 40 percent in the winter.
Little change appears to have taken place in the nearshore bacteriological
water quality in the Inner Harbour since 1966 (Figure 3:30, 3:31) with
the exception of a slight increase in total coliform levels at some
locations along the Bayfront and at the Olympic Island beach site.
Specifically a comparison of 1969 coliform data with data collected in
1975 in the harbour fails to disclose obvious differences in bacterial
levels between those two time periods. It can, therefore, be assumed
that the bacteriological status prevailing in the harbour in 1975 is
similar to that reported by Bennett (1969) in her detailed assessment.
The bacteriological contamination of waters appears to be confined
to the Toronto Inner Harbour. Beaches sampled outside the harbour
(Figure 3:31) were found to be generally within the IJC criteria, seldom
exceeding it more than 5 percent of the time.
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Nuisance Algal Growth. Phytoplankton blooms occur in the harbour in
the
summ
er w
hen
chlo
roph
yll
3 le
vels
exce
ed 1
0 ug
/l,
a co
ncen
trat
ion
con
sid
ere
d t
o b
e i
ndi
cat
ive
of
eut
rop
hic
wat
ers
(EPA
, 1
973)
.
The
sev
eri
ty
of
alga
l b
loo
ms
in
the
har
bou
r h
as
bee
n d
ecr
eas
ing
in
rece
nt
year
s
coin
cidi
ng w
ith
a do
wnwa
rd t
empo
ral
tren
d in
chlo
roph
yll
a:
The
mean
level in the harbour during 1975 (10 ug/l) was 17 ug/l lower than that
observed in 1970. In comparison, the chlorophyll a levels in the adjacent
Lake Ontario waters did not exhibit appreciable change over the same
time period which suggests that though the conditions in the open lake
have remained virtually the same, the harbour waters have undergone
measureable improvement.
 
The
tren
d o
f d
ecr
eas
ing
chl
orp
hyl
l a
_1e
vel
s i
n t
he
har
bou
r
app
ear
s
to b
e di
rect
ly r
elat
ed t
o a
decr
ease
in p
hosp
horu
s co
ncen
trat
ions
in t
he
Don River. Total phosphorus levels of 0.2 km upstream from the river
mout
h de
crea
sed
from
2 mg
P/l
in t
he p
erio
d 19
61—6
9 to
0.5
mgP/
l du
ring
the
peri
od 1
972—
75.
The
redu
ctio
n in
phos
phor
us c
once
ntra
tion
s ca
n be
att
rib
ute
d t
o t
he b
an
of
pho
sph
oru
s i
n d
ete
rge
nts
(Aug
ust,
1970
) a
nd,
in
part, to the effect of high lake levels in the 1972—75 which would tend
to dilute the Don River waters at the river mouth.
Cﬂa
adp
hor
a g
row
th
is
ext
ens
ive
in
the
inn
er
har
bou
r w
her
eve
r s
uit
abl
e
sub
str
ate
such
as
con
cre
te
doc
k s
tru
ctu
res
or
roc
k a
nd
sus
tai
ned
wat
er
mov
eme
nt
exis
t.
The
pro
ble
m i
s p
rim
ari
ly
of
an
aes
the
tic
natu
re;
howe
ver,
this
alg
ae
oft
en
foul
s b
oat
hull
s,
dec
rea
sin
g v
ess
el
per
for
man
ce.
This
pro
ble
m w
ill
rem
ain
for
man
y y
ear
s b
eca
use
of
the
ava
ila
bil
ity
of
an
ade
qua
te
nut
rie
nt
supp
ly
in
Lake
Onta
rio,
alt
hou
gh
the
int
ern
ati
ona
l
phO
Sph
oru
s c
ont
rol
pro
gra
m m
ay
eve
ntu
all
y r
edu
ce
the
seve
rity
.
Ben
thi
c
Imp
air
men
t.
Nut
rie
nt
lev
els
in
sed
ime
nts
are
hig
h
thr
oug
hou
t
mos
t
of
the
inn
er
har
bou
r
(Un
ive
rsi
ty
of
Tor
ont
o,
197
4),
wit
h
the
hig
hes
t l
eve
ls
rec
ord
ed
at
the
mou
th
of
the
Don
Riv
er
in
the
Kea
tin
g
Chan
nel.
The
low
est
lev
els
wer
e f
ound
in
the
nor
th—
eas
t s
ecto
r o
f t
he
har
bou
r w
hic
h i
s s
ubj
ect
to
dre
dgi
ng
for
nav
iga
tio
n p
urpo
ses.
Dis
tri
but
ion
of
vol
ati
le
sol
ids
,
nit
rog
en
and
pho
sph
oru
s
in
the
har
bou
r
sed
ime
nts
is
presented in Figure 3:32.
Bas
ed
on
exc
ess
ive
ly
hig
h l
eve
ls
of
pho
sph
oru
s a
nd
vol
ati
le
sol
ids
,
the
Min
ist
ry
of
the
Env
iro
nme
nt
gui
del
ine
s f
or
dre
dgi
ng
are
exc
eed
ed
thr
oug
hou
t m
ost
of
the
har
bou
r.
Nit
rog
en
lev
els
on t
he
oth
er
han
d,
are
rel
ati
vel
y l
ow
in
the
harb
our.
Gre
ate
st
sedi
ment
con
tam
ina
tio
n w
as
rec
ord
ed
in
the
Kea
tin
g C
han
nel
whe
re
in
add
iti
on
to
pho
sph
oru
s,
nit
rog
en
and
vol
ati
le
soli
ds,
the
lev
els
of m
erc
ury
and
othe
r s
olu
ble
sub
sta
nce
s
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were also found to exceed the MOE guidelines (MOE, 1974). The Keating
Channel is dredged annually by the Toronto Harbour Commission. A
suitable site for the disposal of this dredge spoil presently being
investigated
The community in the harbour is chiefly composed of Tubifex
tubifex, Limnodrilus hoffmeisteri and Peloscolex multisethosus, three
species commonly known to be pollution tolerant (University of Toronto,
1974
).
Hig
hes
t d
ens
iti
es
of
oli
goc
hae
tes
wer
e f
ound
in
the
Kea
tin
g
Chan
nel
in t
he n
orth
—wes
t se
ctio
n of
the
harb
or a
djac
ent
to a
n in
dust
rial
complex (Figure 3:33).
 
A comparison of 1974 data with that collected by Brinkhurst (1970)
in
the
har
bou
r d
isc
los
es
a s
eve
nfo
ld
dec
rea
se
in
abu
nda
nce
of
tub
ifi
cid
s
over
the
last
five
year
s,
from
a r
ange
of
25—
75,
000
to
less
than
10,0
00.
This decrease parallels an improvement of water quality in the harbour
during the same period, suggesting that the aquatic environment is
showing some recovery.
Fish
Con
tam
ina
tio
n.
Ava
ila
ble
data
on
con
tam
ina
nts
in
fish
caug
ht
in
Toro
nto
Harb
our
sugg
est
that
PCB
and
DDT
leve
ls m
ay b
e hi
gh e
noug
h to
war
ran
t f
urth
er
inv
est
iga
tio
n (
Brow
n,
per
son
al
com
mun
ica
tio
n).
Ale
wif
e
and
carp
were
foun
d t
o h
ave
DDT
leve
ls
abo
ve
the
FDA
tol
era
nce
leve
l o
f
5 pp
m.
Alew
ife,
rain
bow
smel
t an
d ca
rp e
xcee
ded
the
FDD
tole
ranc
e le
vel
of 2 ppm.
Bay of Quinte
The
Bay
of
Qui
nte
is
a Z
shap
ed
bod
y o
f w
ate
r 2
25
km2
in a
rea,
96
km
long and less than 1.5 km wide over much of its length. It is located
on
the
nor
th—
eas
ter
n s
hore
of
Lake
Ont
ari
o a
nd
alm
ost
com
ple
tel
y s
epa
rat
es
Prince Edward County from the mainland (Figure 3:34).
The upper bay consists of several connected basins, 48 m deep in
mid—channel. It extends north eastward for 48 km from Trenton to Deseronto
forming the top of the Z.
The
mid
dle
bay
(Lon
g R
each
) e
xte
nds
sout
h w
est
erl
y f
or
13
km
from
Des
ero
nto
to
Pic
ton
and
is
from
6—17
m d
eep
in m
id—
cha
nne
l.
The lower bay (Adolphus Reach), which forms the bottom of the Z,
stretches northeasterly for about 20 km. The maximum depth increases
from 17 m to 55 m towards the bay mouth.
The Bay of Quinte is situated in Ordovician bedrock and Pleistocene
glacial deposits. The watershed totals 18,200 km2 at the bay mouth.
The major tributaries (Trent, Moira, Salmon and Napanee Rivers) originate
in the Precambrian Shield to the north but traverse limestone and clays
over much of their courses. They enter along the north shore of the
upper bay.
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Most of the population of the area is concentrated along the north
shore of the upper bay in the municipalities of Trenton, Belleville,
Deseronto and Napanee.
Trophic Status. Results of four years of limnological investigations
indicate a gradient from extreme eutrophy in the upper bay to mesotrophy
near the bay mouth. Johnson and Brinkhurst (1971) noted a similarity
between the Bay of Quinte and Lake Erie on an east—west basis with
reSpect to water chemistry and certain biota (algae, bottom fauna).
The eutrophic status of the eight sampling stations in the bay is
illustrated by Figure 3:35 which related Secchi disc depth to chlorophyll
a. Secchi disc and chlorophyll a values in the bay ranged from O to 3 mg
and from 10 to 30 ug/l, levels considered to be indicative of eutrophic
waters.
A bioassay carried out by MOE staff in August of 1975 indicated
that nitrogen was limiting in the upper bay (probably because of an
excess of phosphorus), while phosphorus was limiting in the lower bay.
In support of these findings, Painter (unpublished data, 1974) found
that nitrogen fixation was greatest in the upper bay and decreased
lakeward.
Despite this evidence of N limitation of summer phytoplankton
growth in the upper bay, a phosphorus limiting state will likely be
established soon after improved sewage treatment facilities reduce
loadings of P.
The concentrations of phosphorus and nitrogen in the Bay of Quinte
do not appear to have altered since 1964. During the past four years,
there have been no trends among the parameters recorded (primary productivity,
Secchi disc, chlorophyll a, Total P, soluble reactive P, NH3, TKN, N02,
N03, sodium, iron, silica and conductivity) which would indicate a
change in the trophic status of the bay. Selected trophic indicators
have been presented in Figure 3:36.
Physical Parameters, Oxygen Depletion and Thermal Regime. The
shallow upper bay warms quickly in the early summer and is well mixed by
prevailing winds. At best, weak or unstable thermal stratification
may occur during times of prolonged calm weather. Bottom dissolved
oxygen may approach zero during calm periods.
 
The middle bay often experiences pronounced thermal stratification,
generally during the period mid—May to mid—July. This appears to be
related to internal seiche action in the lower bay which may force cold,
oxygenated water from the lower bay into the middle bay.
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 The
lower
bay,
which
deepens
to
55m
near
the
bay
mouth,
experiences
persistent
thermal
stratification
during
the
summer
months,
but
the
temperature
gradient
from
surface
to
bottom
is
a
gradual
one.
Bottom
dissolved
oxygen
concentrations
decrease
steadily
over
the
summer
to
levels
of
2.5
mg/l at 20 m depth.
In
1975
a
new
sampling
station
was
added
in
response
to
the
Con-
struction
of
the
Lennox
generating
plant
but
the
effect
of
thermal
effluents has yet to be determined.
Taxonomy
and
Biomass.
Seasonal
distribution
and
species
composition
were
different
in
the
upper
and
lower
bay.
In
the
lower
bay
(at
Conway),
highest
values
(2—6
mm3/l)
were
found
during
spring
and
fall
while
densities
as
low
as
0.5
mm3/l
were
not
uncommon
duringmid—summer.
The
upper bay stations
(Trenton and Belleville, and to a lesser extent,
Napanee)
showed
relatively
low phytoplankton
densities during
the
spring
and fall
(3—10 mm3/l) while mid—summer densities commonly fluctuated
widely between
15 and 40 mm3/l.
Seasonal
changes
in total biomass
were
less well defined at the middle bay locations, at Hay Bay and Picton
(Table 3:16).
The diatoms Stephanodiscus astraea, Melosira granulata and E.
ambigua were most prevalent throughout the bay during May, but in the
lower bay (Conway and Glenora), the spring diatom populations were
replaced by smaller densitites of flagellates including Cryptomonas
spp., Peridinigpsis gymnodinium, and the blue—green algae Aphanizomengn
flos—aquae, Oscillatoria spp. and Anabaena spp. Chlorococcalean green
algae were variously represented by several taxa, but were not nearly as
important as the above mentioned taxa.
  
In the upper bay locations (Trenton, Belleville, and Napanee), the
diatoms Melosira granulata and M, ambigua maintained their domination of
the plankton throughout the ice—free period. Extremely high densities
of Melosira spp. were found at the above locations during the mid—summer
periods of both 1973 and 1974, with maxima at the Belleville location of
28.8 mm3/l on July 16, 1973, and 34.5 mm3/1 on July 22, 1974.
The decline of diatoms and their replacement by certain blue—green
and flagellated algae during summer in the lower bay is likely directly
related to the onset of thermal stratification. In the shallow upper
bay, where vertical stratification of water temperatures was not found,
the wind induced turbulence and the nutrient supply were sufficient to
maintain extremely high densities of diatoms throughout the entire ice—
free period. Occasional depletions of silica to concentrations less
than 0.05 mg/l from the upper to the lower bay suggest that silica may
also sometimes limit the size of the standing crop of diatoms in the Bay
of Quinte.
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Microbiology.
Investigations
carried
by
the Ontario
Ministry
of
the
Environment
in
1972,
showed
that
the
IJC
objectives
of
total
coliform
and
fecal
coliform
(1000
org/100
ml
and
200
org/100
ml
respectively)
were
violated
during
the
Summer
months
near
Trenton,
Belleville,
Deseronto,
and Picton.
Existing
conditions
are believed
to be
similar
to those
observed in 1972.
Port Hope
Eldorado
Nuclear
Limited
operates
a uranium
refining plant
at
Port
Hope, Ontario.
Solid wastes from solvent extraction and uranium hexa—
fluoride processes are dumped at the Port Granby site located near Port
Hope and due to surface runoff, contaminants eventually find their way
into Lake Ontario.
Process wastes are also discharged to the harbour.
The Welcome residue area was used for dumping solid waste in the early
1950's. Runoff water from this site is collected in a series of holding
ponds and pumped intermittently to Lake Ontario.
During 1975, levels of radium (226Ra) in excess of the Ministry of
Environment Public Surface Water Supply criterion of 3 pCi/l were found
near the Eldorado discharge to Port Hope harbour.
In the harbour, the suggested MOE guideline was exceeded to a
distance of 45 m from the discharge with a recorded mean of 4 pCi/l
based on two surveys. However, there is no threat to existing water
supplies. Periodic sampling of the Port Hope water supply showed levels
of 226Ra to be less than 1 pCi/l and within the Ontario drinking water
criteria.
No radium levels in excess of l pCi/l were found in the vicinity of
the company's Welcome dump effluent discharge to Lake Ontario and levels
of 226Ra off the Port Granby Site in Lake Ontario met the MOE criterion.
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Rochester Embayment
The Rochester Embayment encompasses a 20 mile arc of coastline in
Monroe COunty, NY from Braddocks Point to the Monroe/Wayne Line including
the major discharge of the muddy Genesee River and the minor discharges
from Irondequoit Bay and numerous small creeks and ponds.
There are three public beaches, four waste treatment plant outfalls
and a half dozen water intakes in the embayment. The Genesee River enters
the area about midpoint in the arc and generally flows to the east. Its
headwaters are in Pennsylvania and it flows north 158 miles to the lake.
Wate
r Us
es.
The
wate
r us
es i
nclu
de w
ater
inta
kes
for
the
City
of R
oche
ster
,
Monr
oe C
Ount
y Wa
ter
Auth
orit
y,
East
man
Koda
k, a
nd t
he t
own
and
vill
age
of
Webster. Cooling water from Lake Ontario is used by one steam power plant,
while another plant uses Genesee River water for cooling. Commercial
ship
ping
stil
l ma
kes
use
of t
he e
mbay
ment
to g
et t
o th
e Po
rt o
f Ro
ches
ter
although the number of ships and tonnage has been declining.
Recreational use of the embayment includes bathing (or it did at one
time) at three beaches, boating, sail and motor, water skiing, and lately,
sport fishing.
Wast
e So
urce
s.
Four
muni
cipa
l wa
ste
trea
tmen
t pl
ants
have
been
disc
harg
ing
to the embayment for many years. At one time, only primary waste was
dis
cha
rge
d b
ut
all
the
pla
nts
now
have
sec
ond
ary
tre
atm
ent
wit
h p
hos
pho
rus
remo
val.
Inc
lud
ing
was
tes
from
tre
atm
ent
pla
nts
on
the
Gen
ese
e R
iver
and
the
Iro
nad
equ
oit
Cre
ek
Basi
ns,
over
100
MGD
of
trea
ted
and
par
tia
lly
-tr
eat
ed
municipal waste is discharged to the embayment.
Com
bin
ed
Sewe
rs.
For
year
s c
omb
ine
d s
ewer
s o
ver
flo
wed
bot
h i
n d
ry
and
wet
weat
her.
Plu
gge
d a
nd
bro
ken
rive
r c
ros
sin
gs
acc
ent
uat
ed
the
sew
age
flow
s t
o t
he
Gen
ese
e R
iver
.
Wit
h t
he
adv
ent
of
the
Pure
Wat
ers
Agen
cy,
rep
air
ed
cro
ssi
ngs
and
reg
ula
tor
s,
bet
ter
con
tro
l a
nd
mai
nte
nan
ce
of
reg
ula
tor
s a
nd
ove
rfl
ows
wei
rs,
and
exp
ans
ion
of
the
sew
er
sys
tem
hav
e
con
sid
era
bly
dec
rea
sed
the
amo
unt
of
raw
sew
age
ent
eri
ng
the
emb
aym
ent
.
Maj
or
sto
rms
sti
ll
flu
sh
raw
sew
age
int
o t
he
dra
ina
ge
bas
ins
, s
inc
e t
he
PWA
com
bin
es
san
ita
ry
and
sto
rm
wat
er
sew
ers
to
rel
iev
e b
ase
men
t
flo
odi
ng.
The
dis
cha
rge
of
raw
sew
age
fro
m c
omb
ine
d s
ewe
rs
aff
ect
s t
he
qua
lit
y
of
wat
er
for
bod
y c
ont
act
spo
rts
in
the
emb
aym
ent
.
The
re
is
als
o
ind
ica
tio
n
of
oth
er
con
tam
ina
nts
(he
avy
met
als
)
in
the
bot
tom
sed
ime
nts
whi
ch
may
hav
e
par
t
of
the
ir
ori
gin
in
the
dis
cha
rge
fro
m t
he
com
bin
ed
sewers .
  
 Industrial
Waste.
Industrial
waste
has
long
been
a
factor
in
the
deteriorated
condition
of
the
lower
Genesee
River.
Classification
at
one
time
allowed
a
minimum
of
dissolved
oxygen
as
long
as
no
fish
were
killed.
At
that
time,
few
fish
were
found
in
the
river.
Industrial
waste
treatment
and
removal
of
municipal
waste
have
increased
the
quality
of
the
river.
Fish
have
begun
to
return,
the
sediments
though
contaminated
are
improving
and
the
low
D.O.
conditions,
while
not
the
best,
are
definitely
showing
improvement.
Dredging.
Dredging
of
the
embayment
is
of
concern
to
many
groups.
Commercial
interests,
particularly
a
bulk
cement
plant
2.5
miles
up—
stream,
need
an
open
channel
for
the
continuous
flow
of
small
bulk
carriers
from
Canada.
Beach
enthusiasts
however
object
to
dredging
as
it
raises
coliform
counts
in
the
swimming
areas
while
fish
and
wildlife
officials
object
to dredging
during certain
parts of
the
fish—breeding
season.
EPA
has
expressed
reservations
about
open
lake
disposal
and
ecologists
are
particularly
concerned
about
the
transfer
of
heavy
metals
in the sediments.
The Corps of Engineers is legally required to keep the channel open
to navigation and as a result has dredged the Rochester Harbor
(Genesee
River
about 2.5 miles)
and deposited 360,000 cubic
yards of sediments
in a spoil area located 1 l/2 miles out in the embayment.
It is possible
that portions of the sediments will in the future be confined to upland
disposal or diked water sites.
Non—Point Sources.
In major storm periods the Genesee River becomes
very muddy as a result of erosion in the agriculturally rich upper basin.
The IJC is presently studying this problem and has a project underway on
the Genesee River.
Bacterial Contamination. The three public beaches in the Rochester
Embayment have been closed since 1967 by the NYS Department of Environmental
Conservation because of high total coliform counts. The use of fecal
coliform as a pollution guide has confirmed the beaches are questionable
for swimming and other body contact recreation. However, public pressure
is mounting for the beaches to be opened in the summer of 1976.
 
Local and State Health Department regulations allow a fecal coliform
count of 200/100 ml (geometric mean for five samples) for Class "B"
waters. These waters can be used for primary contact recreation and
other uses except as a source of water for drinking. The IJC objective
is the same.
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a
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3
j
i
v
1
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The
Stu
tso
n S
tre
et
sam
pli
ng
sta
tio
n o
n t
he
Gen
ese
e R
ive
r
(0.
75
mil
e p
oin
t)
sho
wed
the
fol
low
ing
fec
al
col
ifo
rm
cou
nts
(ge
ome
tri
c m
ean
).
Year FC/lOO ml No. of Samples
1966 3960 6
1970 15,800 3
1972 501 4
197
3
173
12
197
4
742
12
The
197
4 c
oli
for
m c
oun
ts
whi
ch
are
in
the
exc
ess
of
the
IJC
obj
ect
ive
s,
are
rel
ate
d t
o n
orm
al
riv
er
flo
w,
how
eve
r,
wit
h
sto
rm
con
dit
ion
s,
the
com
bin
ed
sew
er
ove
rfl
ows
cau
se
fec
al
col
ifo
rm
cou
nts
to
rea
ch
the
300
0/1
00
ml level at the river mouth.
The
eff
ect
of
hig
h c
oun
ts
and
win
d
con
dit
ion
s o
n
the
bea
che
s
was
dem
ons
tra
ted
in
a m
ode
l b
y a
n E
PA
Con
sul
tan
t
in
197
5.
The
Mon
roe
Cou
nty
He
al
th
De
pa
rt
me
nt
has
al
so
fou
nd
tha
t
eas
t
and
no
rt
he
as
t
wi
nd
s
cau
se
hi
gh
co
li
fo
rm
co
un
ts
on
On
ta
ri
o
Bea
ch;
wes
t
and
no
rt
hw
es
t
wi
nd
s
pr
ov
id
e
fre
sh
ope
n l
ake
wat
ers
to
the
bea
che
s
and
the
emb
aym
ent
.
De
sp
it
e
the
fac
t
tha
t
it
is
se
ver
al
mi
le
s
eas
t
of
the
Ge
ne
se
e
Riv
er,
the
Du
ra
nd
Ea
st
ma
n
Bea
ch,
can
sti
ll
be
af
fe
ct
ed
by
a
co
mb
in
at
io
n
of
the
Gen
ese
e
Riv
er
out
flo
w a
nd
wes
t
or
nor
thw
est
win
ds.
The
Dur
and
Eas
tma
n
Tre
atm
ent
Pla
nt
use
d
to
dis
cha
rge
80
MGD
of
pri
mar
y
tre
ate
d
sew
age
,
not
alw
ays
chl
ori
nat
ed,
5,0
00
fee
t
off
sho
re
fro
m t
he
bea
ch.
The
new
Fra
nk
Van
Lar
e p
lan
t
STP
dis
cha
rge
s 1
00
MGD
of
sec
ond
ary
tr
ea
te
d
was
te,
18
,0
00
fee
t
out
in
the
la
ke
in
the
ma
in
st
re
am
of
the
wes
t
to
eas
t
cur
ren
t.
Thi
s
ne
w
si
tu
at
io
n
sh
oul
d
im
pr
ove
the
Dur
an
d
Eas
tma
n
Bea
ch,
but
the
com
bin
ed
sew
er
ove
rfl
ows
to
the
Gen
ese
e
Riv
er
and
north winds can still affect it.
The
thi
rd
be
ac
h
lo
ca
te
d
at
We
bs
te
r
ne
ar
the
ea
st
er
n
end
of
the
em
ba
yme
nt
is
ra
re
ly
af
fe
ct
ed
by
the
Ge
ne
se
e
Riv
er
di
sc
ha
rg
e,
but
is
co
nt
am
in
at
ed
by
loc
al
pol
lut
ion
fro
m M
ill
Cre
ek.
As
wel
l,
the
bea
ch
is
oft
en
est
het
ica
lly
un
ac
ce
pt
ab
le
be
ca
us
e
of
the
ac
cu
mu
la
ti
on
of
dea
d
al
ga
e
(FZ
adO
pho
ra)
.
The
pr
ot
ru
Si
on
of
a
lo
ng
pie
r
int
o
the
lak
e
eas
t
of
Mi
ll
Cr
ee
k'
s
mo
ut
h
does not help the problem.
Ch
em
ic
al
Co
nt
am
in
at
io
n.
Se
di
me
nt
an
al
ys
is
in
the
low
er
riv
er
has
in
di
ca
te
d
tha
t
me
ta
ls
,
Suc
h
as
lea
d,
zin
c,
ca
dm
iu
m
and
me
rc
ur
y,
are
co
mi
ng
do
wn
ri
ve
r,
al
th
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 Cadmium gives
the most
concern
to
the local
ecologists.
Mercury
appears to be of little concern, but lead and zinc frequently exceed
the criteria of 50 mg/kg.
From 1972 to 1974, when lead exceeded the
criteria 5 times out of 15 samples from 6 stations on the river, the
maximum level was 164 mg/kg. The 1974 sediment analysis indicates the
lead decreases from 58 mg/kg at the 2.4 mile point to 14 mg/kg at the
river mouth.
Zinc exceeded the criteria of 50 mg/kg 15 times out of 16 from
six stations between 1972 and 1973. All stations over the 2.4 mile
stretch of river that was dredged showed high zinc levels.
Oswego Harbor
Water Uses. The cities of Oswego and Syracuse obtain a good portion of
their drinking water from Lake Ontario. Approximately 19 MGD is drawn
from Lake Ontario. Over 1,600 MGD are also used by power plants for
cooling purposes.
The Oswego River is the only direct connection between the Barge
Canal and Lake Ontario. Commercial shipping from overseas, Barge traffic,
and recreational boating from the environs use the Oswego Harbor.
Only one industrial plant in the Oswego area uses Lake Ontario
water for processing water. Although two new industries for producing
beer, now under construction south of Oswego; will be using several MGD
of Lake Ontario water. Present use is 0.2 MGD. Other industries upstream
take water from wells on surface supplies.
Waste Sources. The Oswego and Syracus areas are the major sources
of municipal wastes, with Syracuse contributing approximately half of
the 125 MGD load. That load is discharged to the highly industrial
waste~oriented Anondaga Lake and is at present inadequately treated.
However a new SyraCuse STP should be operational by 1979.
Poor water quality in the Oswego Harbor can be attributed to the
discharge of inadequately treated sewage from the Oswego City's Westside
Treatment Plant and a discharge from the Oswego Harbor Port Authority.
A new westside plant is under construction but will not be on line until
1978.
Ther
e ar
e no
dire
ct i
ndus
tria
l wa
ste
disc
harg
es t
o La
ke O
ntar
io i
n th
e
area of Oswego. Hammermill Paper Co., which did discharge to the lake
at
one
time
, i
s p
res
ent
ly
dis
cha
rgi
ng
wast
e t
o t
he
Oswe
go—E
ast
Wast
e
Trea
tmen
t Pl
ant.
Some
diff
icul
ties
have
been
enco
unte
red
with
soli
ds a
t
the new plant.
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As stated earlier, about 1,600 MGD of cooling water is presently
being returned to Lake Ontario in the area of Oswego. A third nuclear
power plant is being constructed between the two operating plants at
Nine Mile Point. West of Oswego at Sterling Point, there are plans to
build a nuclear power plant which is larger in size than any nuclear
plant on the United States shore of Lake Ontario.
U.S. EPA studies show the overlapping of thermal plumes from the
existing Nine Mile Point plants; however, governmental agencies are
making little effort to study the continuing effect of thermal discharges
and the anticipated thermal loads on the south shore of Lake Ontario.
EPA Environmental Impact Statement (EIS) reviews of Nuclear Power plant
proposals for Lake Ontario are beginning to point out some of the future
thermal problems related to more nuclear power plants.
Dredging. Oswego Harbor has declined in commercial use over the years,
yet the need continues for the harbor to be dredged for commercial
shipping. Approximately 80,000 cubic yards of sediment are removed each
year and dumped into a designated spoil area 1-3/4 miles out in the
lake. Because of the polluted character of the sediments, the Corps of
Engineers is studying the need to contain them. EPA is presently assessing
the nature of the harbor sediments. The new characterizationof the
sediments, biologically and chemically, will determine future disposal
methods.
Oil Spills. The Oswego Harbor is vulnerable to oil spills because
the Niagara Mohawk Power Plant receives No. 6 fuel from barges for
on site storage. Although two spills have occurred in the past year,
the activity of the NYS Department of Environmental Conservation the
U.S. Coast Guard, EPA (Spill Prevention, Containment and Countermeasure
Laws), and the cost of cleanup should deter spills in the future.
Chemical Loadings. The NYS Department of Environmental Conservation
analyzed Oswego River samples collected at Bridge Street (Oswego) in
1974 and 1975. Dissolved oxygen remained in the area of 9 mg/l. The
chemical oxygen demand (COD) was close to 20 mg/l. Total phosphate
decreased from 6,400 kg/day to 2,800 kg/day.
Total dissolved solids decreased from 12,600,000 kg/day to 7,835,000
kg/day. This is partially contributed to by chlorides that have long
been peculiar to the basin. The chloride concentration remained about
the same at 175 mg/l, but the loadings decreased from 3,300,000 kg/day
to 2,450,000 kg/day, flow being the major factor in the reduction.
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ST. LAWRENCE RIVER
Ninety—eight
percent
of
the
water
in
the
St.
Lawrence
River
comes
from
Lake
Ontario,
thus
the
water
quality
of
the
International
Section
of
the
St.
Lawrence
River
is
largely
governed
by
the
lake
except
in
some
nearshore
waters.
The
outflow
from
Lake
Ontario
(measured
at
Cornwall)
has
shown
a
steady
increase
from
252,000
cfs
in
1968
to
300,000
cfs
in
1975.
Major
industries
in
this
area
include
chemical
manufacturing,
metal
finishing,
and
pulp
and
paper
milling.
The
sources
and
locations
of municipal
and
industrial
waste
inputs
along
the
International
Section
of
the
St.
Lawrence
River
are
shown
in
Figure
3:37.
Since
1968,
both the
Ontario Ministry of the
Environment
(MOE)
and
the
Federal Department
of the
Environment
(DOE),
have
conducted
water
quality
surveys
of
the International
Section of
the
St.
Lawrence
River.
Prior
to
the establishment
of DOE,
surveys were
doneby
the Division
of
Public
Health Engineering,
Department
of National
Health and Welfare
(NHW)
since
1966.
Data
from all
three agencies
were examined,
and the
data sets for 1970
(MOE) and 1974 (DOE) were used for comparison. For
parameters which were not common to these latter data sets, data from
other years were used for evaluation.
The parameters examined included
dissolved oxygen, specific conductance, chloride, ammonia, total kjeldahl
nitrogen, total phosphorus, and total coliform.
Annual mean concentrations from each range were plotted downstream
to show the change in water quality from Kingston to Cornwall (Figure 3:38—
3:43). Because of the sparsity of data, the lack of detailed knowledge
regarding the seasonal variations of each parameter, the effects of
climatic conditions and the increase in the outflow of Lake Ontario, it
is difficult to determine time trends with a significant degree of
confidence.
Total Phosphorus
Enrichment. The total phosphorus concentration in the river has
remained fairly constant since 1969. The mean annual total phosphorus
concentration from 1968 to 1974 reported by all three agencies showed
a mean value of .025 mg/2. The highest annual mean was .031 mg/l
measured by PHE in 1969 and the lowest was .019 mg/2 measured by DOE
in 1973.
The 1969 data Showed that total phosphorus values higher than the
river mean concentration were usually found near urban centers (Figure
3:38). However, this distribution changed to a more uniform one in
1974. No consistent patterns were identified in the cross—sectional
variation.
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Total
Kjeldahl
Nitrogen.
The annual
cycle
of nitrate nitrogen
exhibit
a high degree of variability in most natural waters.
Total kjeldahl
nitrogen, which is a measure of biomass nitrogen,
gives a better indication
of the enrichment in the St. Lawrence River.
 
Total kjeldahl nitrogen concentrations measured in the St. Lawrence
River before 1970 were substantially higher than those measured after 1970.
Mean total kjeldahl nitrogen from 1968 through 1970 ranged from .364
mg/£ to .437 mg/l; from 1971—1974 the range was between .287 and .330
mg/L.
Improved analytical methods could account for the reduced level
of total kjeldahl nitrogen.
Data in 1969 showed that all ranges near major urban and industrial
outfalls
generally
had
higher kjeldahl
nitrogen concentrations
than the
mean total kjeldahl nitrogen for the whole river.
In 1974 total kjeldahl
nitrogen showed more uniform downstream distribution, suggesting that
stations with previously high readings have decreased in total kjeldahl
nitrogen compared to the main stream of the river (Figure 3:39).
Range
131, downstream from the Dupont Chemical Plant, consistently had the
highest levels.
The only significant cross—sectional variation occurred
downstream from range 131 at range 129 along the north shore.
Ammonia.
MOE data show a steady decline of ammonia from .079 mg/2 in
1968 to .030 mg/l in 1972.
Comparison of MOE data with ammonia levels
found by PHE in 1967 (.024 mg/l and .046 mg/2 respectively) and the
recent DOE means of .020 mg/Q in 1973 and .030 mg/2 in 1974 suggest that
the early MOE figures may be too high.
Recent advances in analytical
methods for ammonia analysis have greatly improved the accuracy of the
measurements and have shown that previous methods used tended to give
higher results.
Despite the differences in mean ammonia concentrations found by
the three agencies since 1967, several features are common to the data
sets.
Downstream variation plots show very high ammonia concentrations
(0.056 mg/R - 0.165 mg/Q) at stations between Brockville and Prescott
(Figure 3:40). There were generally higher ammonia levels along the north
bank at stations between Brockville and Morrisburg, and higher ammonia
concentrations on the southerly side at range 98.
The high ammonia
levels (0.110 - 0.160 mg/R) found near Cornwall in 1971 were not found
in the other years.
Microbiology. Data compiled by NHW during the period 1965 to 1967
showed two general trends in total coliform counts along the International
Section of the St. Lawrence River: a gradual increase in total coliform
counts as one progressed downstream; and samples collected from the north
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 shore
between
Brockville
and
Cornwall
generally
contained
higher
total
coliform
counts
than
the
main
river
sample.
The
geometric
mean
for
total
coliform
counts
in
1969
was
78
counts/
100
m2
and
912
counts/100
ml
in
1973.
Ranges
near
urban
centers
along
the
shores
from
Gananoque
to
Cornwall
showed
total
coliform
counts
exceeding
the
IJC
objective
of
1,000
counts/100
m2
(Figure
3:41).
Significant
cross-sectional
variation
occurred
at
ranges
at
Alexandria
Bay
(158)
and
Ogdensburg
(126)
Where
the
total
coliform
counts
on
the
south
shore
were
higher
than
the
north
shore.
A
more
recent
survey
by
DOE
in
June
1975
obtained
a
geometric
mean
of
34
counts/100
mi.
Because
of
the
sparsity
of
the
data
and
the
large
inherent
variability
of
bacteriological
parameters,
it
is
difficult
to
place
the
significance
of
the
high
total
coliform
counts
in
1973.
Specific
Conductance.
Survey data
showed
that specific
conductances are
lowest
in
spring
and
summer
and
highest
in
the
fall.
Mean
specific
conductance measured
by MOE
ranged
from 317—326
umho/cm
during the
period
1968
to
1973.
DOE
obtained a mean specific
conductance
of 316
umho/cm
in 1974.
NHW reported
the mean
specific conductance
to be
316
umho/cm for 1966.
These figures indicate that there was no significant
change
in the specific
conductance
of the St.
Lawrence River
from
1968
to 1973.
Specific conductance for the section of river between Wellesley
Island (range 184) and Cornwall (range 78) showed little downstream
variation (Figure 3:42). Larger fluctuations observed at stations
located in the North Channel near Kingston and Cornwall were probably
caused by the influence of tributaries. The northerly stations near
Prescott and Cornwall had higher specific conductance than the southerly
ones.
Chloride. Comparison between DOE data of 1973 and 1974 and NHW data in
1966 and 1967 showed no significant difference in the chloride level in
the St. Lawrence River; average chloride concentrations ranged from 26.0—
27.6 mg/Q. Chloride data collected by MOE from 1969 to 1973 were slightly
higher (27.6 - 28.5 mg/z).
Although it is not evident from MOE data, DOE data show the waters
of the North Channel at Wolfe Island to have significantly lower chloride
levels than the waters of the South Channel (Figure 3:43). Chloride levels
near Cornwall varied from 24.1 mg/Q to 26.7 mg/Q and are probably
caused by the influence of tributary inputs. Waters close to the shore
of Alexandria Bay, Prescott, Iroquois, Morrisburg and Cornwall have
higher chloride levels, indicating possible chloride sources.
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 TABLE 3:17.
ANNUAL
LOADINGS
IN
METRIC
TONS/DAY
INTO
THE
ST.
LAWRENCE
RIVER AT WOLFE ISLAND
    
YEAR
FLOW
CHLORIDE
PHOSPHORUS
NITROGEN
cfs X 103
1968
247
—
—
169.5
1969
260
18.1
x
103
24.2
326.0
1970
244
—
—
229.9
1971
253
17.7 x 103
15.8
163.2
1972
275
18.0 x 103
15.8
211.1
1973
303
20.2 x 103
16.1
268.8
1974* 294 18.9 x 103 13.8 265.2
* DOE data
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La
ke
—1
ap
pr
oa
ch
is
sh
ow
n
in
Fi
gu
re
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G
E
N
E
R
A
L
C
O
M
P
O
N
E
N
T
S
O
F
A
S
S
E
S
S
M
E
N
T
F
R
A
M
E
W
O
R
K
  
The
pr
in
ci
pa
l
ob
je
ct
iv
e
of
the
st
udy
was
to
pr
ov
id
e
ad
di
ti
on
al
inp
ut
for
the
on
go
in
g
pr
oc
es
s
of
as
se
ss
in
g
the
ef
fe
ct
s
of
nu
tr
ie
nt
lo
ad
in
gs
on
La
ke
On
ta
ri
o
wa
te
r
qua
lit
y.
The
int
ent
was
to
pr
ov
id
e
re
li
ab
le
in
fo
rm
at
io
n
on
th
e
st
at
us
of
in
pu
t
nu
tr
ie
nt
lo
ad
s
as
we
ll
as
on
th
e
po
ss
ib
le
ra
ng
e
of
wa
te
r
qu
al
it
y
re
sp
on
se
s
th
at
mi
gh
t
be
ex
pe
ct
ed
un
de
r
di
ff
er
en
t
sc
en
ar
io
s
of
fu
tu
re
in
pu
t
co
nd
it
io
ns
.
Th
e
re
su
lt
s
pr
es
en
te
d
in
no
wa
y
ar
e
in
te
nd
ed
to
be
pr
ed
ic
ti
on
s
of
ac
tu
al
fu
tu
re
ph
yt
op
la
nk
to
n
bi
om
as
s.
Ra
th
er
,
th
ey
ar
e
on
ly
in
di
ca
ti
on
s
of
tr
en
ds
an
d
ra
ng
es
an
d
ar
e
to
be
vi
ew
ed
as
po
ss
ib
le
aids in a planning process.
Ev
al
ua
ti
on
of
Pr
es
en
t
an
d
Hi
st
or
ic
al
Nu
tr
ie
nt
Lo
ad
in
gs
Th
e
fi
rs
t
el
em
en
t
of
th
e
st
ud
y,
th
at
of
ev
al
ua
ti
ng
hi
st
or
ic
al
lo
ad
in
gs
to
La
ke
On
ta
ri
o,
wa
s
co
mp
le
te
d
th
ro
ug
h:
1)
de
ta
il
ed
an
al
ys
is
of
fl
ow
an
d
co
nc
en
tr
at
io
n
me
as
ur
em
en
ts
,
2)
a
co
mp
il
at
io
n
of
av
ai
la
bl
e
da
ta
co
nc
er
ni
ng
mu
ni
ci
pa
l
an
d
in
du
st
ri
al
di
sc
ha
rg
es
di
re
ct
to
th
e
la
ke
an
d
to
tr
ib
ut
ar
y
streams.
Es
ti
ma
te
s
we
re
ma
de
wh
ic
h
se
pa
ra
te
d
th
e
co
nt
ro
ll
ab
le
nu
tr
ie
nt
lo
ad
s
fr
om
th
e
la
rg
el
y
un
co
nt
ro
ll
ab
le
so
th
at
re
al
is
ti
c
ev
al
ua
ti
on
s
of
ba
si
n—
wi
de
lo
ad
re
du
ct
io
n
pr
og
ra
ms
co
ul
d
be
ma
de
.
The load components include:
1) Inputs from Lake Erie.
2) Inputs to Niagara River.
3) Inputs to Lake Ontario.
a) Municipal - Direct to Lake
b)
Mu
ni
ci
pa
l
—
Tr
ib
ut
ar
y
to
La
ke
c) Non—Point — Tributary
d) Industrial
e) Atmospheric
f) Sediment
Th
e
re
su
lt
s
of
th
e
hi
st
or
ic
al
lo
ad
co
mp
il
at
io
ns
fo
r
ph
os
ph
or
us
an
d
ni
tr
og
en
ar
e
pr
es
en
te
d
in
Ta
bl
e
3:
18
an
d
3:
19
,
an
d
th
e
br
ea
kd
ow
n
of
pr
es
en
t
(1
97
4)
lo
ad
s
is
sh
ow
n
in
Fi
gu
re
3:
45
.
It
ap
pe
ar
s
th
at
th
er
e
is
no
tr
en
d
in
ph
os
ph
or
us
lo
ad
in
gs
fr
om
th
e
Ni
ag
ar
a
Ri
ve
r
to
th
e
la
ke
.
It
is
po
ss
ib
le
th
at
tr
en
ds
ar
e
ma
sk
ed
by
th
e
hi
gh
er
fl
ow
s
re
co
rd
ed
re
ce
nt
ly
,
an
d
a
de
ta
il
ed
an
al
ys
is
of
lo
ad
so
ur
ce
s
wi
th
in
th
e
Ni
ag
ar
a
Ri
ve
r
Ba
si
n
sh
ow
s
a
de
fi
ni
te
re
du
ct
io
n
of
to
ta
l
ph
os
ph
or
us
fr
om
mu
ni
ci
pa
l
so
ur
ce
s
du
e
to
th
e
ba
n
on
ph
os
ph
at
e
de
te
rg
en
ts
.
Th
is
is
ev
id
en
t
in
th
e
200
 
 TA
BL
E
3:
18
TOTAL PHOSPHORUS LOADING TO LAKE ONTARIO IN LBS/DAY
Source
1967 1968 1969 1970 1971 1972 1973 1974a 1974b
2
0
1
Niagara River 42,0001 40,1003 42,2003 40,5003 41,1003 41,0002 47,4001 46,2003 46,200
Out
let
Tributaries 15,6001 18,7005 19,6005 20,2005 20,2005 22,3002 19,6002 13,0002 16,300
Municipal
16,2001
28,500” 31,000* 30,000” 25,000” 22,0002 15,0002 11,8002
11,800
(Direct)
Industrial
1,0001
1,0009
1,0009
1,0009
1,0009
1,8002
1,3002
7002
700
Total
75,0001
88,30010
93,80010
91,70010
87,30010
87,1002
83,3002
71,70010
75,000
 
aReported
bPresent Study
NOTE:
Footnotes appear at the conclusion of this table.
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,0
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e
p
o
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t
e
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s
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e
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lu
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FIGURE 3:45
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lower phosphorus concentrations recorded in the lower Niagara River
(Figure 3:46). The results also show decreasing trends for phosphorus
load
ing
from
trib
utar
ies,
dire
ct m
unic
ipal
sour
ces,
and
a tr
end
towa
rd
lower total phosphorus loads to Lake Ontario from all sources.
Sediment and atmospheric loading estimates were obtainedfrom
rece
nt
stud
ies.
Shio
mi
and
Kunt
z r
epo
rte
d a
loa
din
g r
ate
of
4,2
50
lbs
/da
y o
f a
tmo
sph
eri
c p
hos
pho
rus
to
the
lake
.
Whi
le
amm
oni
a a
nd
nit
rat
e—
nit
rit
e i
nput
s w
ere
est
ima
ted
to b
e a
bout
66,
000
lbs
/da
y a
nd
70,0
00
lbs/
day
resp
ecti
vely
. V
aria
tion
s of
prec
ipit
atio
n in
puts
from
year
to
year are expected but no data was immediately available.
Sediments are another potentially important source of phosphorus.
Muc
h a
tte
nti
on
has
bee
n g
ive
n t
o t
hem
dur
ing
the
past
10
yea
rs
bec
aus
e
of
a g
row
ing
con
cer
n o
ver
eut
rop
hic
ati
on
con
tro
l i
n t
he
Low
er
Grea
t
Lake
s.
Bann
erma
n et
.al.
expe
rime
ntal
ly d
eter
mine
d th
e in
orga
nic
phos
phor
us
flu
x a
cro
ss
the
sed
ime
nt
wat
er
int
erf
ace
to
be
abo
ut
8,5
00
lbs
/da
y i
n
Lake
Onta
rio.
Alt
hou
gh
the
ava
ila
bil
ity
of
the
rel
eas
ed
pho
sph
oru
s
form
s f
or
alg
al
gro
wth
is
not
con
clu
siv
e a
t t
his
time
, i
t i
s a
pot
ent
ial
int
ern
al
sou
rce
whi
ch
wou
ld
rem
ain
afte
r c
ont
rol
lab
le
poin
t s
our
ce
control is implemented.
It
sho
uld
be
poi
nte
d o
ut
that
ther
e i
s g
ene
ral
unc
ert
ain
ty
abou
t
the
ava
ila
bil
ity
of
pho
sph
oru
s f
or
phy
top
lan
kto
n g
row
th
whi
ch
req
uir
e
additional research.
Development of the Future Load Scenarios
 
To provide insight into the future trendsof enrichment (i.e.
phy
top
lan
kto
n g
rowt
h),
a s
eri
es
of
pos
sib
le
loa
din
g s
cen
ari
os
was
dev
elo
ped
.
The
se
sce
nar
ios
inc
lud
e b
oth
lon
g t
erm
tre
nds
in
loa
din
g
cons
ider
ing
plan
ned
load
redu
ctio
ns a
nd p
opul
atio
n gr
owth
fact
ors,
and
shor
t te
rm m
ater
ial
vari
abil
ity
in n
utri
ent
load
s.
The
prim
ary
fact
ors
‘
considered in developing the load scenarios were:
1.
Pla
nne
d p
oin
t s
our
ce
red
uct
ion
s i
n p
hos
pho
rus
loa
din
g
to levels specified in the Water Quality Agreement.
2. The implementation period over which such load reductions
are achieved.
3. Projected population growth in the Lake Ontario Basin.
4. Variability in natural hydrologic and water quality variables
which effect the magnitude of the tributary load.
5. Phosphorus loadings entering the lake through precipitation
or sediment release.
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An adequate basis for describing nutrient loadings due to future
deve
lopm
ent
does
not
exis
t at
this
time
. F
acto
rs w
hich
coul
d po
tent
iall
y
alte
r th
e ma
gnit
ude
of l
akew
ide
nutr
ient
load
s, b
ut f
or w
hich
no q
uant
itat
ive
est
ima
tes
of
loa
din
g t
rend
s h
ave
bee
n e
sta
bli
she
d,
are
not
con
sid
ere
d i
n
the
anal
ysis
.
For
exam
ple,
nut
rie
nt
con
cen
tra
tio
ns
in
Lake
s E
rie,
Huro
n, M
ichi
gan
and
Supe
rior
are
prob
ably
not
in e
quil
ibri
um w
ith
thei
r
pres
ent
load
ings
.
Load
ings
to t
he N
iaga
ra R
iver
from
Lake
Erie
will
und
oub
ted
ly
cha
nge
in
futu
re
dec
ade
s a
s n
utr
ien
t c
onc
ent
rat
ion
s i
n t
he
upb
asi
n l
akes
app
roa
ch
equ
ili
bri
um
leve
ls.
Wit
hou
t m
ore
det
ail
ed
ana
lys
es
of t
he G
reat
Lake
s ba
sin
cons
ider
ing
long
term
load
ing
tren
ds,
time
s to
equi
libr
ium,
and
nutr
ient
rete
ntio
n in
the
uppe
r la
kes,
it i
s no
t cl
ear
how
futu
re l
oadi
ngs
from
Lake
Erie
will
be a
ffec
ted.
Anot
her
fact
or n
ot
cons
ider
ed i
n th
e pr
esen
t de
scri
ptio
n of
futu
re l
oads
is c
hang
es i
n la
nd
use patterns in the Lake Ontario Basin.
In this study, a schedule of load reductions over 10 and 20 year
per
iod
s w
as
ass
ume
d a
nd
ass
oci
ate
d p
hyt
opl
ank
ton
res
pon
ses
were
comp
uted
.
With
in t
he c
onte
xt o
f th
is s
tudy
load
ings
from
Lake
Erie
, pr
ecip
itat
ion
and
sed
ime
nt
rel
eas
e a
re
vie
wed
as
unc
ont
rol
lab
le
sour
ces;
that
is
sour
ces
that
will
not
be i
nflu
ence
d by
manm
ade
cont
rol
prac
tice
s wi
thin
the
nex
t 2
0 t
o 4
0 y
ears
.
The
ann
ual
Lake
Erie
loa
din
g i
s d
omi
nat
ed
pri
nci
pal
ly
by
var
iab
ili
ty
in
hyd
rol
ogi
c i
nput
s,
whi
le
pre
cip
ita
tio
n a
nd
sedi
ment
rele
ase
of p
hosp
horu
s ar
e na
tura
l oc
curr
ing
back
grOu
nd l
oadi
ngs.
Mun
ici
pal
and
ind
ust
ria
l n
utr
ien
t d
isc
har
ges
, a
nd
inpu
ts
from
tri
but
ary
str
eam
s a
re
con
sid
ere
d t
o b
e p
art
ial
ly
or
tot
all
y c
ont
rol
lab
le
usi
ng
ava
ila
ble
aba
tem
ent
tec
hno
log
ies
.
Rem
ova
l o
f p
hos
pho
rus
from
mun
ici
pal
and
ind
ust
ria
l d
isc
har
ges
is
pre
sen
tly
pra
cti
cal
down
to
lev
els
of
1.0
mg
P/l
and
tec
hno
log
ica
lly
fea
sib
le
to
0.1
mg
P/l
.
Nit
rog
en
rem
ova
l t
o l
ow
leve
ls
is
also
pos
sib
le,
but
is
not
pre
sen
tly
bei
ng
considered for control of long term eutrophication processes.
That
por
tio
n o
f t
he
tri
but
ary
load
ass
oci
ate
d w
ith
poi
nt
sou
rce
disc
harg
e is
assu
med
to b
e co
ntro
llab
le a
nd w
ill
undo
ubte
dly
be r
educ
ed
unde
r th
e pr
ovis
ions
of t
he p
rese
nt A
gree
ment
. O
ther
trib
utar
y in
puts
asso
ciat
ed w
ith
dist
ribu
ted
load
ings
from
agri
cult
ural
runo
ff,
whil
e
controllable, are assumed constant in the analysis.
A graphical representation of loading scenarios to Lake Ontario is
con
tai
ned
in
Fig
ure
3:47
.
The
figu
re
rep
res
ent
s l
oad
sce
nar
ios
in
a 4
0
year
time
span
and
incl
udes
load
s fo
r a
10 a
nd 2
0 ye
ar i
mple
ment
atio
n
period for Water Quality Agreementload reductions.
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It is noteworthy that the 16,300 pounds/day municipal and industrial
load
esta
blis
hed
by t
he W
ater
Qual
ity
Agre
emen
t, r
epre
sent
s an
aver
age
effluent phosphorus concentration of about 2.2 mg P/l. The Agreement
stipulates in part that:
Eff
lue
nt
Req
uir
eme
nts
.
The
pho
sph
oru
s c
onc
ent
rat
ion
s o
n
eff
lue
nt
fro
m m
uni
cip
al
was
te
tre
atm
ent
pla
nts
dis
cha
rgi
ng
in
exc
ess
of
one
mil
lio
n g
all
ons
per
day
, a
nd
fro
m s
mal
ler
pla
nts
as
req
uir
ed
by
reg
ula
tor
y a
gen
cie
s,
sha
ll
not
exc
eed
a d
ail
y
ave
rag
e o
f o
ne
mil
lig
ram
per
lit
er
int
o L
ake
Eri
e,
Lak
e O
nta
rio
and
the
Int
ern
ati
ona
l S
ect
ion
of
the
St.
Law
ren
ce
Riv
er.
 
Ind
ust
ria
l D
isc
har
ges
.
Was
te
tre
atm
ent
or
con
tro
l r
equ
ire
men
ts
for
all
ind
ust
ria
l p
lan
ts
dis
cha
rgi
ng
was
tes
int
o
the
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The reasonable assumption includes no loss of inorganic phosphorus.
The pessimistic (the worst case) assumes no loss of either inorganic or
non—living organic nutrients. Under this aSSumption the sole removal
mechanisms of nutrients are the St. Lawrence outflow and phytoplankton
settling. The optimistic case aSSumes that the net available nutrients
in the lake are in equilibrium with present peak chlorophyll a levels
under present loads. In this case, both inorganic phosphorus—and non—
living organic nutrient forms are removed at the same rate as the "reasonable'
kinetic assumption (.OOl/day).
These three kinetic assumptions permit the analyst to place upper
and lower limits on phytoplankton concentrations developed using the
Lake —l Model. In addition, they provide the management decision making
process with additional input to answer questions such as: What are the
best or worst conditions that might occur as a result of a given load
reduction program?
A total of 34 simulations were completed as tabulated in Table 3:20.
The reSults are depicted in Figures 3:49 through 3:54. The figures
present the projected annual lakewide peak phytoplankton, total phosphorus
and total nitrogen concentration under reasonable, optimistic and pessimistic
kinetics, respectively for a 40—year simulation period. The presently
observed phytoplankton and nutrient concentrations are used as initial
conditions in the simulations. The solid and dashed lines represent
responses for 10 and 20—year implementation periods of Water Quality
Agreement phosphorus load reductions respectively.
The results using reasonablekinetics show that the equilibrium
peak phytoplankton concentration is a function of the final equilibrium
phosphorus loading rate to Lake Ontario, and that the trend is toward
responses exhibiting a large transient response, the characteristics of
which are related to the implementation period of the Water Quality
Agreement, the final equilibrium loading, and the presently high Niagara
River loads (higher than the computed 95% loading level).
The effect of a 20—year implementation period is to sustain a high
loading rate to the lake over a longer period of time, at least according
to the assumption made here that loads decrease linearly from the present
loads to W.Q.A. loads over the implementation period. In effect, nutrient
concentrations in the lake continue to rise for a longer period of time,
yielding higher peak chlorophyll concentrations than would be observed
under a 10—year implementation period (Figure 3:49). This accounts for
the more rapid rate of peak phytoplankton increase in the initial years
of the implementation period for the 20—year mean Niagara River loading
case over the 10—year implementation period case. In addition, the
210
 
 TABLE 3:20
SUMMARY
OF
LAKE—l
SIMULATIONS
Implementation
Estimated
Phosphorus
 
Kinetic
Period
Load
at
W.Q.A.
Simulation
Assumption
(Years)
Load
Scenario
Implementation
1
Reasonable
10
Mean
Niagara
Loads
56,500
2
Low
Niagara
Loads
50,200
3
High
Niagara
Loads
62,900
4
High
Niagara,
At-
mospheric and
sediment loads 75,640
5
20
Mean
Niagara
Loads
56,500
6
Low
Niagara
Loads
50,200
7
High
Niagara
Loads
62,900
8
High Niagara,
At—
mospheric and
sediment loads 75,640
9
Optimistic
10
Mean Niagara Loads
56,500
10
Low Niagara Loads
50,200
11
High
Niagara
Loads
62,900
12 High Niagara, At—
mospheric and
sediment loads 75,640
13
20
Mean Niagara Loads
56,500
14 Low Niagara Loads 50,200
15
High Niagara Loads
62,900
16 High Niagara, At—
mospheric and
sediment loads 75,640
17 Pessimistic 10 Mean Niagara Loads 56,500
18 Low Niagara Loads 50,200
19 High Niagara Loads 62,900
20 High Niagara, At—
mospheric and
sediment loads 75,640
21
20
Mean Niagara Loads
56,500
22
Low Niagara Loads
50,200
23 High Niagara Loads 62,900
24 High Niagara, At-
mospheric and
sediment loads 75,640
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 TABLE 3:20
(Continued)
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Lo
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Q.
A.
Si
mu
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su
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ea
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)
Lo
ad
Sc
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ar
io
Im
pl
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en
ta
ti
on
25
Re
as
on
ab
le
10
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gh
Ni
ag
ar
a
Lo
ad
s,
Low Flows 62,900
26
Hi
gh
Ni
ag
ar
a
Lo
ad
s,
High Flows 62,900
27
Lo
w
Ni
ag
ar
a
Lo
ad
s,
Low Flows 50,200
28
Lo
w
Ni
ag
ar
a
Lo
ad
s,
High Flows 50,200
29
20
Hi
gh
Ni
ag
ar
a
Lo
ad
s,
Low Flows 62,900
30
Hi
gh
Ni
ag
ar
a
Lo
ad
s,
High Flows 62,900
31
Lo
w
Ni
ag
ar
a
Lo
ad
s,
Low Flows 50,200
32
Lo
w
Ni
ag
ar
a
Lo
ad
s,
High Flows 50,200
33
Re
as
on
ab
le
10
Me
an
Ni
ag
ar
a
Lo
ad
s
Elevated Temp. 56,500
34
Re
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on
ab
le
Af
te
r
W.
Q.
A.
Va
ri
ab
le
Ni
ag
ar
a
50
,5
60
—
Im
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ad
60
,4
60
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model
results
show
that
the
final
equilibrium
condition
may
be
exceeded
for
a
period
of
time,
or
at
least
approach
the
equilibrium
level
faster,
for
slow
1mplementation
of
Water
Quality
Agreement
phosphorus
reductions.
The
total
phosphorus
and
total
nitrogen
concentration
simulations
in
Figures
3:50,
3:52
and
3:54
represent
the
lakewide
annual
average
nutrient
concentrations
for
a
40—year
simulation
period.
The
curves
demonstrate
trends
toward
increased
nitrogen
and
phosphorus
concen—
trations
in
Lake
Ontario
even
under
present
load
reduction
programs.
The
results
using
"optimistic"
kinetics
(the
most
rapid
rate
of
nutrient
loss
to
the sediments)
generally
show a decrease
in peak phyto—
plankton concentration
from their present
level
to between
6.5 and 9.0
ug/l depending upon
the Niagara
River
nutrient
loading
rate.
The
time
required to realize the lower equilibrium concentrations is principally
a function of implementation period, and ranges from 11 to 22 years for
the 10 and 20 year load reduction programs.
An interesting result is obtained if atmospheric and sediment release
phosphorus loads are imposed on top of the Agreement loads. Figures
3:51 and 3:52 indicate that even under the most optimistic kinetic
assumptions there is a loading condition where presently observed peak
phytoplankton levels will be unaltered by Agreement load reduction.
The transient response in this case is due to the high initial loading
rate to evaluated Niagara River flows during the past 8 years.
The "pessimistic" kinetic assumption condition which includes the
atmospheric and sediment release loads results in an equilibrium peak
chlorophyll concentration lakewide in excess of 30 ug/l. In this case,
however, the season in which the peak concentrations occur shifts from
the spring and early summer to the fall after about 20 years. The
system will be phosphorus rich under this high loading condition and
nitrogen limitation to phytoplankton growth becomes an important factor
in determining the ultimate level of the spring bloom including: the
range of total loads before, during and after Agreement implementation;
the implementation period; and the effects of uncontrollable factors
which might impact the intent of the load reduction program.
A key result of the present study is that one of the principal
fact
ors
cont
ribu
ting
to t
he s
ucce
ss o
f th
e Ag
reem
ent
is t
he r
ate
of l
oad
redu
ctio
n, t
hat
is,
the
peri
od o
ver
whic
h th
e Ag
reem
ent
is i
mple
ment
ed.
In a discussion of this, it is useful to View the simulation results in
a p
eri
od
les
s
tha
n 4
0 y
ear
s.
The
equ
ili
bri
um
con
dit
ion
s
(at
+40
yea
rs?
imp
lic
itl
y a
ssu
me
that
the
load
ing
pat
ter
ns
desc
ribe
d b
y e
ach
alt
ern
ati
ve
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loading scenario persist for the entire simulation period. This is a
questionable assumption if one attempts to construct a set of conditions
which, for instance, could cause the 95 percent high Niagara load to
continue for 2 or 3 decades. Similarly, the long term persistence of
low loading conditions is doubtful.
The persistence of such conditions for a ten year period, however,
is quite reasonable. The loading from Lake Erie to the Niagara River
has been in excess of both the estimated mean and high (95 percent) load
for an 8—year period (1967 to 1974).
For these reasons the simulations are viewed in a shorter time
period of 10 years. The principal variables in this regard are the rate
of phosphorus load reduction and the computer chlorophyll concentration
10 years into the simulations. The rate of reduction is simply the
slopes of the linearly decreasing phosphorus loads for the alternative
loading scenarios displayed in Figure 3:47.
Figure 3:55 presents a summary of computed chlorophyll concentrations
for a ten year implementation program as a function of the phosphorus
load reduction rate in pounds/day per year. The figure considers the
3 kinetic assumptions and also shows the present range of peak annual
chlorophyll concentrations observed in Lake Ontario. The load reduction
scale is paralleled with two others describing the total load reduction
achieved in 10 years and the residual loading at the end of 10 years.
Finally, five reference loading conditions are displayed. These are:
l. The present total phosphorus loading to Lake Ontario.
2. The mass loading rate specified in the W.Q.A.
3. The mass loading rate based on an effluent total phosphorus
concentration of 1.0 mg P/l.
4. The mass loading rate which is technologically feasible
(0.1 mg P/l).
5. Lake Ontario "pastoral" conditions.
Figure 3:55 shows that there is some uncertainty that the present
peak chlorophyll levels will be maintained under the Water Quality
Agreement after a 10—year period. The consensus of the Surveillance
Subcommittee members is that based on the most recent data analysis
the most realistic kinetic assumption would lie mid—way between optimistic
and reasonable. This is labeled "Surveillance Subcommittee Analysis".
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In this case, substantial reductions must be accomplished over the next
10 year period to maintain present conditions. It should benoted that
the rate of implementation appears to critically affect the degree to
which the intended goals of the Water Quality Agreement are realized in
terms of phytoplankton biomass in Lake Ontario. It appears that a load
reduction of 2,000 to 3,000 lbs/day of phosphorus per year for a 10 year
period is a sound objective if phytoplankton biomass in the Lake is to
be maintained at present conditions.
Vollenweider Model Approach
 
The methods utilized in recent years for the categorization and
classification of the trophic level of lakes have centered on the
relationships between phosphorus and chlorophyll a (Dillon & Rigler,
1974), phosphorus and nitrogen loading relative to trophic condition
(Vollenweider, 1975) and the more recent relationships between the
mean chlorophyll a_and the phosphorus load as a function of the hydraulic
loading and the hydraulic residence time (Vollenweider, 1976). It is
upon the latter document that the following discussion is focussed.
Definition of Terms
pr: Total Phosphorus Loading
Lp: Specific Surface Loading
2: Mean Depth (Lake Ontario = 84m)
’rw: Water Residence Time (Lake Ontario = 7.9 years)
qs: Hydraulic Load (qs = E/Tw)
Discussion. Figure 3:56 of this section has been abstracted from the
above mentioned document and is intended to be used for "Prediction of
average chlorophyll and trophic character of lakes relative to phosphorus
loading characteristics". The basis for the development of the relation-
ship identified as:
L 0.91
[Chl.a] =0.367 (MD
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is discussed fully in the document and should be referred to if information
is required. It is possible, by use of this figure, to assess the trophic
range of a given lake relative to observed conditions in many lakes of
varying characteristics. The oligotrophic range in terms of the average
chlorophyll a concentration is <4.0 mg/m3 and the eutrophic range is
considered to be >4.0 mg/m3 for the average chlorophyll a. The transition
zone or mesotrophic range overlaps these and is considerEd to be between
approximately 2 mg/m3 and 8 mg/m3 of chlorophyll a,
Phosphorus loading tolerances have been computed for Lake Ontario
which indicate that values between0.35 gP/mzy and 0.40 gP/mzy would be
the "lower limit not to be exceeded to keep the lake in acceptable
oligotrophic conditions”. (Vollenweider, 1976). Also it is stated that
"excess loading over about twice the above values, i.e. 0.70 — 0.80
gP/mzy would cause the lake to become eutrophic "Vollenweider, 1976).
It is possible now to apply this equation to the computed total
phosphorus loading figures for the year 1966 — 1974 as identified in
this appendix. The surface area of the lake is taken to be 19,009 km2
(IJC Report, 1969). The resultant computations are listed in Table 3:21
and are plotted in Figure 3:56.
From this information we canconclude that Lake Ontario is still well
within the mesotrophic range with a computed average chlorophyll a
concentrations between 4.3 and 5.7 mg/m3. However, according to the
loading tolerances the lake is very close to the level at which projected
eutrophic conditions are indicated. It should be noted that although
this procedure may be able to indicate the approximate trophic condition
of a system and apply input loading tolerances the response time of the
system to a change in loadings is not assessed and therefore it is not
possible to relate, with significance the change in annual phosphorus
load with a change in the average chlorophyll concentration. It is
possible to estimate the accuracy of the predicted chlorophyll concen-
trat
ions
indi
cate
d in
the
Trop
hic
Stat
us s
ecti
on o
f th
is r
epor
t.
An
app
rox
ima
te
Peak
:
Ave
rag
e r
ati
o o
f 8
:5
is
used
for
this
com
par
iso
n (
see
Table 3:22).
For
the
five
yea
rs
in
whi
ch
obs
erv
ed
pea
k c
hlo
rop
hyl
l a
data
is
ava
ila
ble
, w
ith
the
exc
ept
ion
of
1974
rea
son
abl
y g
ood
agr
eem
ent
is
obta
ined
.
In
1974
, h
owe
ver
, i
t m
ay
be
pos
sib
le
to
con
clu
de
that
the
loa
d r
edu
cti
on
has
not
as
yet
had
any
imp
act
on
the
chl
oro
phy
ll
a
con
cen
tra
tio
n.
Thi
s p
oin
ts
to
the
req
uir
eme
nt
for
lak
e m
ode
ls
and
obs
erv
ati
ons
to
ass
ess
the
rea
cti
on
lag
in
lak
e r
esp
ons
e t
ime
.
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TABLE 3:21
Year
ch(1bs P/day)
Lp(gP/m2y)
(Lp/qs)/(1+VE/qs)
[Chlor §J(mg/m3)
'66—'67
75,000
‘
0.65
16.
4.6
'68
88,300
0.77
19.
5.4
'69
93,800
0.82
20.
5.7
'70
91,700
0.80
19.
5.5
'71
87,300
0.76
18.
5.3
'72 87,100 0.76 18. 5.3
'73 83,300 0.73 18. 5.1
'74 68,600 0.60 14. 4.3
TABLE 3:22
Chlorophyll g
(mg/m3) 66—67 68 69 70 73 74
Predicted Mean 4.6 5.4 5.7 5.5 5.1 4.3
Peak (8:5) 7.4 8.6 9.1 8.8 8.2 6.9
Observed — 8.8 8.9 9.3 — 9.5
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INTRODUCTION
T
h
e
d
e
s
i
g
n
a
n
d
i
m
p
l
e
m
e
n
t
a
t
i
o
n
o
f
a
c
o
o
r
d
i
n
a
t
e
d
,
i
n
t
e
r
n
a
t
i
o
n
a
l
S
u
r
v
e
i
l
l
a
n
c
e
p
l
a
n
f
o
r
t
h
e
G
r
e
a
t
L
a
k
e
s
i
s
o
n
e
o
f
t
h
e
f
o
r
e
m
o
s
t
r
e
q
u
i
r
e
m
e
n
t
s
o
f
t
h
e
1
9
7
2
W
a
t
e
r
Q
u
a
l
i
t
y
A
g
r
e
e
m
e
n
t
.
T
h
e
o
b
j
e
c
t
i
v
e
o
f
a
G
r
e
a
t
L
a
k
e
s
S
u
r
v
e
i
l
l
a
n
c
e
p
r
o
g
r
a
m
i
s
t
o
p
r
o
v
i
d
e
i
n
f
o
r
m
a
t
i
o
n
w
h
i
c
h
w
i
l
l
l
e
a
d
t
o
t
h
e
e
s
t
a
b
l
i
s
h
m
e
n
t
o
f
e
f
f
i
c
i
e
n
t
a
n
d
e
c
o
n
o
m
i
c
a
l
p
r
o
g
r
a
m
s
f
o
r
p
o
l
l
u
t
i
o
n
a
b
a
t
e
m
e
n
t
a
n
d
p
r
e
s
e
r
v
a
t
i
o
n
o
f
h
i
g
h
w
a
t
e
r
q
u
a
l
i
t
y
.
T
h
e
b
a
s
i
s
f
o
r
s
u
c
h
a
p
r
o
g
r
a
m
w
a
s
p
r
e
s
e
n
t
e
d
i
n
A
p
p
e
n
d
i
x
B
of
t
h
e
1
9
7
4
W
a
t
e
r
Q
u
a
l
i
t
y
B
o
a
r
d
R
e
p
o
r
t
w
i
t
h
p
r
e
l
i
m
i
n
a
r
y
e
s
t
i
m
a
t
e
s
o
f
r
e
s
o
u
r
c
e
r
e
q
u
i
r
e
m
e
n
t
s
to
i
m
p
l
e
m
e
n
t
it.
T
h
e
S
u
r
v
e
i
l
l
a
n
c
e
S
u
b
c
o
m
m
i
t
t
e
e
has
s
i
n
c
e
p
r
o
c
e
e
d
e
d
to
r
e
f
i
n
e
the
p
l
a
n
u
s
i
n
g
a
u
n
i
f
o
r
m
d
e
s
i
g
n
m
e
t
h
o
d
o
l
o
g
y,
d
e
ve
l
o
p
i
n
g
rationale,
d
o
c
um
e
n
t
i
n
g
p
r
o
g
r
a
m
details
and
revising
cost
estimates.
A
Great
Lakes
Surveillance
Symposium
was
held
in
January
1976,
to
assist
the
S
ur
ve
i
l
l
a
n
c
e
Subcommittee
in
refining
the
plan
and
to
solicit
ideas
from
other
IJC
Boards
and
committees
and
the
scientific
community.
The
present
surveillance
plan
incorporates
many
of
the
ideas
and
recommendations
developed
from
this
symposium.
The
surveillance
plan
provides
the
framework
for
coordinating
the
surveillance
activities
of
both
countries.
This
framework
must
be
kept
[
under
constant
review.
As
data
are
collected
and
analyzed,
water
j
quality
issues
change,
and
more
sophisticated
surveillance
design
tools
'j
become
available
the
plan
will
be
modified
and
updated.
GENERAL
The
Great
Lakes
represent
80
percent
of
the
North
American's
supply
of
surface
fresh
water.
This
resource
provides
the
45
million
people
in
the
basin
with
almost
unlimited
drinking
water
and
industrial
process
water.
Five
thousand
miles
of
shoreline
provide
access
for
much
of
the
tourist
and recreation activity
in the surrounding
basin
(a $6 billion
per year
business
in
the
U.S.
Great
Lakes
states).
In
recognition
of
the
importance
of this priceless resource and the need to restore and maintain its water
quality,
the Canadian and U.S. Governments signed the Great Lakes Water
Quality Agreement in 1972.
The Agreement is based on a philosophy of
management of Great Lakes water qualitywhich includes:
1) Establishment of specific water quality objectives,
2) Implementation of pollution control and other remedial or ;
preventative measures designed to achieve the objectives, and
3) Surveillance of the quality of the boundary waters to determine
the extent to which the objectives are being met and provide
information for decisions on altering remedial measures.
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The Great Lakes water quality management process is described in
Figure 4:1. It relies on an analysis of information obtained from
mon
ito
rin
g m
ate
ria
l i
nput
s,
the
imm
edi
ate
eff
ect
s o
f t
hese
inpu
ts,
and
thei
r l
ong
—ra
nge
effe
cts.
Res
ear
ch
pro
vid
es
an
und
ers
tan
din
g o
f t
he
phy
sic
al,
bio
log
ica
l,
and
che
mic
al
pro
ces
ses
at
wor
k i
n t
he
sys
tem
and
thei
r i
nte
rre
lat
ion
shi
ps
are
est
abl
ish
ed
thr
oug
h m
ode
l d
eve
lop
men
t.
The
info
rmat
ion
anal
ysis
cons
ists
of c
ompi
ling
and
anal
yzin
g th
e ba
sic
data
to e
valu
ate
tren
ds,
comp
are
with
wate
r qu
alit
y ob
ject
ives
and
to
rela
te c
ause
s (
mate
rial
inpu
ts)
to e
ffec
ts
(wat
er q
uali
ty).
The
resu
lts
of
thes
e a
nal
yse
s p
rov
ide
man
age
men
t w
ith
the
inf
orm
ati
on
nee
ded
to
est
abl
ish
goal
s (
wate
r q
ual
ity
obj
ect
ive
s)
pla
n f
utur
e s
tra
teg
ies
,
reco
mmen
d re
medi
al p
rogr
ams
(was
te t
reat
ment
and
enfo
rcem
ent
of r
egul
atio
ns)
and to change goals.
The
Sur
vei
lla
nce
Sub
com
mit
tee
has
the
res
pon
sib
ili
ty
of
pro
vid
ing
this
info
rmat
ion
anal
ysis
annu
ally
for
the
Wate
r Qu
alit
y Bo
ard.
Howe
ver,
as
has been pointed out in previous IJC and Board reports this work has
been severely limited by: 1) lack of adequate data, data quality and
data archives, 2) lack of adequate tools (models), and 3) insufficient
manpower for data analysis. The task is further complicated in that
the program must be coordinated through eleven different governments:
eigh
t St
ates
, on
e Pr
ovin
ce a
nd t
wo F
eder
al G
over
nmen
ts,
and
by s
ever
al
agencies within each government.
The Surveillance Subcommittee has designed a coordinated program to
full
fill
the
requ
irem
ents
of t
he W
ater
Qual
ity
Agre
emen
t fo
r a
scie
ntif
ical
ly
valid assessment of progress towards achievment of the water quality
objectives. The design is based on the following:
1) Definition of surveillance goals of the Water Quality Agreement.
2) Identification of water quality issues and parameters.
3) Definition of surveillance tasks required to meet the Agreement
goals and answer water quality issues.
4) Definition of operational components needed to implement the
tasks.
5) Preparation of program rationale by task/component.
6) Estimation of resources required by task and component.
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IJ
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e
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Wa
te
r
Qu
al
it
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Ag
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en
t
to
re
po
rt
"n
o
le
ss
fr
eq
ue
nt
ly
th
an
an
nu
al
ly
"
on
pr
og
re
ss
to
wa
rd
me
et
in
g
th
e
wa
te
r
qu
al
it
y
ob
je
ct
iv
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in
th
e
ma
na
ge
me
nt
of
Gr
ea
t
La
ke
s
wa
te
r
qu
al
it
y
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to
im
pr
ov
e
de
gr
ad
ed
ar
ea
s
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d
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in
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al
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y
ar
ea
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Su
rv
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ei
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to
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of
po
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l
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s]
."
Ar
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en
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ne
ce
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ar
y
to
en
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mp
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th
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ol
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po
ll
ut
io
n
from industrial sources]."
Ar
ti
cl
e
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(c
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(v
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..
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ta
bl
is
hm
en
t
of
a
co
or
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na
te
d
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fo
r
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rv
ei
ll
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ce
an
d
en
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rc
em
en
t
of
re
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ti
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s
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al
in
g
wi
th
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e
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em
en
t
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d
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nt
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l
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po
ll
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n
fr
om
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ip
pi
ng
ac
ti
vi
ti
es
."
An
ne
x
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It
em
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"S
am
pl
in
g
Da
ta
.
Th
e
Pa
rt
ie
s
ag
re
e
th
at
th
e
de
te
rm
in
at
io
n
of
co
mp
li
an
ce
wi
th
sp
ec
if
ic
ob
je
ct
iv
es
sh
al
l
be
ba
se
d
on
st
at
is
ti
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ll
y
va
li
d
sa
mp
li
ng
da
ta
."
Ann
ex
2,
Ite
m 1
0.
"Mo
nit
ori
ng,
The
Par
tie
s
...
sha
ll
con
tin
ue
to
mo
ni
to
r
the
ex
te
nt
of
eu
tr
op
hi
ca
ti
on
in
the
Gre
at
La
ke
s
sy
st
em
and
the
pr
og
re
ss
ma
de
in
re
du
ci
ng
or
pr
ev
en
ti
ng
it.
"
An
ne
x
2,
It
em
11.
"S
ub
mi
ss
io
n
9:
In
fo
rm
at
io
n.
The
IJC
wil
l
be
giv
en
inf
orm
ati
on
at
lea
st
ann
ual
ly
...
con
cer
nin
g
a)
Tot
al
red
uct
ion
s
in
gro
ss
inp
uts
of
pho
sph
oru
s
ach
iev
ed
as
a r
esu
lt
of
the
pro
gra
ms
imp
lem
ent
ed.
.."
The
Ter
ms
of
Ref
ere
nce
of
Sur
vei
lla
nce
Sub
com
mit
tee
req
uir
e i
t t
o..
.
"as
sis
t t
he
Imp
lem
ent
ati
on
Com
mit
tee
by
dev
elo
pin
g a
mon
ito
rin
g a
nd
sur
vei
lla
nce
pro
gra
m t
o a
sse
ss
the
wat
er
qua
lit
y o
f t
he
Gre
at
Lak
es
Sys
tem
.
Thi
s w
ill
inc
lud
e
spe
cif
yin
g
the
nec
ess
ary
par
ame
ter
s a
nd
the
ir
tem
por
al
and
spa
tia
l m
oni
tor
ing
,
and
int
erp
ret
ati
on
of
res
ult
ing
dat
a s
o a
s t
o p
rov
ide
the
Imp
lem
ent
ati
on
Com
mit
tee
wit
h a
n
ann
ual
ass
ess
men
t o
f
the
res
pon
se
of
the
Gre
at
Lak
es
Sys
tem
to
the
remedial programs under the Agreement..."
230
  
    
I
d
e
n
t
i
f
i
c
a
t
i
o
n
o
f
I
s
s
u
e
s
C
o
n
c
e
r
n
s
f
o
r
w
a
t
e
r
q
u
a
l
i
t
y
i
n
t
h
e
G
r
e
a
t
L
a
k
e
s
a
r
e
r
e
l
a
t
e
d
t
o
u
s
e
s
o
f
t
h
a
t
w
a
t
e
r
w
h
i
c
h
r
e
q
u
i
r
e
a
s
p
e
c
i
f
i
c
l
e
v
e
l
o
f
w
a
t
e
r
q
u
a
l
i
t
y
o
r
w
h
i
c
h
a
d
v
e
r
s
e
l
y
a
f
f
e
c
t
w
a
t
e
r
q
u
a
l
i
t
y
.
T
h
e
W
a
t
e
r
Q
u
a
l
i
t
y
B
o
a
r
d
h
a
s
s
t
i
p
u
l
a
t
e
d
t
h
a
t
t
h
e
b
o
u
n
d
a
r
y
w
a
t
e
r
s
m
u
s
t
b
e
p
r
o
t
e
c
t
e
d
f
o
r
t
h
e
m
o
s
t
s
e
n
s
i
t
i
v
e
u
s
e
.
I
t
i
s
n
o
t
t
h
e
i
n
t
e
n
t
h
e
r
e
t
o
s
p
e
c
i
f
y
u
s
e
s
f
o
r
v
a
r
i
o
u
s
p
a
r
t
s
o
f
t
h
e
l
a
k
e
s
b
u
t
r
a
t
h
e
r
t
o
p
r
e
s
e
n
t
t
h
e
g
e
n
e
r
a
l
i
s
s
u
e
s
o
r
c
o
n
c
e
r
n
s
w
h
i
c
h
a
r
e
b
e
i
n
g
c
o
n
s
i
d
e
r
e
d
i
n
t
h
e
d
e
t
a
i
l
e
d
s
u
r
v
e
i
l
l
a
n
c
e
p
l
a
n
f
o
r
e
a
c
h
l
a
k
e
o
r
connecting channel.
T
h
e
e
n
v
i
r
o
n
m
e
n
t
a
l
c
o
n
c
e
r
n
s
r
e
l
a
t
e
d
to
w
a
t
e
r
q
u
a
l
i
t
y
in
the
G
r
e
a
t
L
a
k
e
s
a
r
e
s
um
m
a
r
i
ze
d
in
Table
4:1.
From
this
table,
wh
i
c
h
has
b
e
e
n
a
d
a
p
t
e
d
f
r
o
m
the
r
e
p
o
r
t
of
t
h
e
I
n
t
e
r
n
a
t
i
o
n
a
l
W
o
r
k
i
n
g
G
r
o
u
p
o
n
t
h
e
A
b
a
t
e
m
e
n
t
and
C
o
n
t
r
o
l
of
P
o
l
l
ut
i
o
n
from
D
r
e
d
g
i
n
g
A
c
t
i
vi
t
i
e
s
,
it
is
apparent
that
the
primary
concern
is
for
the
amount
and
impact
of
a
variety
of
materials
being
introduced
into
the
Lakes
as
a
result
of
man's
activities,
or
in
some
cases
naturally
occurring
phenomena
which
can
be
controlled.
The
materials
present
hazards
to
aquatic
life,
wildlife
and
human
health.
Also,
there
are
many
nuisance
or
aesthetic
concerns
related
to
water
quality.
Degradation
of
water
quality
can
interfere
with
use
of
this
resource,
resulting
in
nonuse
or
forcing
waste treatment.
The
elements
of
environmental
concern
noted
in
the
final
column
of
Table
4:1
resolve
into
a
series
of
technical
issues
(Table
4:2)
that
are
addressed
in
the
surveillance
program.
Identification of Surveillance Tasks
A
series
of
general
surveillance
tasks
have
emerged
for
the
examination
of
the
surveillance
goals,
environmental
concerns
and
technical issues:
1. Objective Violations
Surveillance to detect violations of water quality objectives
for parameters with numerical limits.
2. Trends
Surveillance to determine water quality trends for the purpose
of evaluating compliance with the non—degradation requirement
and determining long-term effects of remedial programs.
3. Cause and Effect
Surveillance, to describe and quantify cause (loads) and
effect (water quality) relationships to understand
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TABLE 4:1
EN
VI
RO
NM
EN
TA
L
CO
NC
ER
NS
RE
LA
TI
NG
TO
WA
TE
R
QU
AL
IT
Y
IN THE GREAT LAKES
RESOURCE ASPECT
1. Recreation
1.1 Body Contact
1.2 Sport Fishing
and Hunting
1.3 Pleasure, Boating
Hiking, Camping
and Viewing
2. Water Supplies
2.1 Municipal and
Other Public
Systems
 
ENVIRONMENTAL CONCERN
ELEMENTS OF THE CONCERN
  
Public Health
Nuisance
Public Health
Nuisance
Nuisance
Public Health
Nuisance
Utility
232
bacteria
Fungi
viruses
rooted aquatics
algae
turbidity
debris
metal and organic
contaminants in
fish and wildlife
taste problems in
fish
colour of water
turbidity
debris
organic contaminants
radioactivity
bacteria
viruses
turbidity
taste and odour(phyto-
species)
colour
temperature
algae blockage of
filters
turbidity removal
cost of removing
undesirable
elements above.
L. _ —
——
— —
— —
— —
— —
— —
— ——
— _
— _
_ _
_ _
_ _
__
__
_ _
__
_ _
_ _
_ _
_ _
— -
  
 Table 4:1 continued
 
RESOURCE ASPECT
2.2 Industrial
Water Supplies
2.3 Private
Water
Supplies
2.4 Agricultural
Uses
3. Freshwater Biota
3.1 Species and
Population
E
N
V
I
R
O
N
M
E
N
T
A
L
C
O
N
C
E
R
N
Public Health
Nuisance
Utility
Availability
Public Health
Availability
Utility
Health
Availability
Utility
Ecosystem
Stability
Biomagnification
Potential
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ELEMENTS
OF
THE
C
O
N
C
E
R
N
—
see
2.1
in
r
e
s
p
e
c
t
of
p
r
o
c
e
s
s
w
a
t
e
r
s
us
e
d
in
p
a
p
e
r
,
f
o
o
d
,
d
a
i
r
y
a
n
d
beverage industries
—
see
2.1
p
r
o
c
e
s
s
w
a
t
e
r
s
f
o
r
i
n
d
u
s
t
r
i
a
l
u
s
e
s
must meet stringent
criteria.
— see 2.1
—
f
e
w
s
uc
h
s
y
s
t
e
m
s
h
a
v
e
t
r
e
a
t
m
e
n
t
,
a
n
d
i
m
p
a
i
r
m
e
n
t
of
w
a
t
e
r
q
u
a
l
i
t
y
r
e
s
t
r
i
c
t
s
the use.
-
see
2.1
certain
criteria
may be more stringent
than
for
p
ub
l
i
c
wa
t
e
r
supplies,
for
such
uses
as
dairy
sanitation
and
livestock watering.
— see 2.1 metals and
organic constituent
may limit availability
if removal cannot be
effected.
— impairment of water
quality in terms of
light penetration
(turbidity) as it relates
to reduced reproductive
capacity or growth.
— metal or organic
contamination can be
incorporated into the
food chain to concen—
trations in higher forms
of life that are harm—
ful to that life.
h———_—————_________._———._—___._.————————————_——___._____
 
2
:
4
  
 Table 4:1 continued
 
RE
SO
UR
CE
AP
SE
CT
EN
VI
RO
NM
EN
TA
L
CO
NC
ER
N
ELEMENTS OF THE CONCERN
 
3.
2
Ha
bi
ta
t
Av
ai
la
bi
li
ty
3.
3
Sp
ec
ie
s
Av
ai
la
bi
li
ty
Migration
4.
Wi
ld
li
fe
(B
ir
ds
an
d
An
im
al
s)
4.
1
Sp
ec
ie
s
an
d
Bi
om
ag
ni
fi
ca
ti
on
Po
pu
la
ti
on
Po
te
nt
ia
l
Community
Viability
4.
2
Ha
bi
ta
t
Av
ai
la
bi
li
ty
modifications of spawning
grounds, nursery areas
or foraging areas from
deposition of suspended
solids.
physical regime changes
(temperatures or other
conditions inducing
avoidance) may change
natural patterns of
movements.
health related bio—
magnified metals and
organics
disturbance of the
food chain in the
Boundary Waters may
disturb the viability
of the wildlife community.
potential impact on
habitat due to nutrients
affected, for example,
weed growth.
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 TECHNICAL
ISSUES
OF
A
SURVEILLANCE
PROGRAM
TABLE 4:2
 
1.
TECHNICAL ISSUE
Enrichment
Organic
Contaminants
Metal
Contaminants
Radioactivity
Suspended
Materials
Microbiology
Dissolved Materials
Trash, flotsam, jetsam
Thermal inputs
USES AFFECTED
nuisance and cost aspects in
several categories of use
including beach and littering
by weeds, contributions to
turbidity, taste and odour
in water supplies.
shift in the ecosystem state
to less desirable conditions.
affects human health through
eating of contaminated fish.
threat to aquatic life and
wildlife by affecting
reproducibility or viability.
see 2. for identical problems
impact.
human health is affected
through ingestion of water
and eating of contaminated
aquatic life.
health hazards potential from
asbestos fibres
influences on aquatic life
(silting of habitat, effect on
light penetration into lake
waters)
human and aquatic life health
can be a useful gross
indicator of pollution
nuisance aspects of beach use,
viewing and related uses.
affects weed growth, fish
movements and habitat in
general for aquatic life.
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how
the
Great
Lakes
physical,
biological
and
chemical
system
operates.
Together
with
mathematical
modeling,
this
forms
the
basis
for
determining
whole
lake
response
to
remedial
programs,
the
need
for
new
remedial
programs
such
as
the
phosphorus
control
program,
altering
or
establishing
new
water
quality
objectives,
and
a
means
to
detect
new
and
emerging
problems.
A
series
of
detailed
tasks,
listed
in
Table
4:3,
has
been
developed
from
the
above
general
tasks.
These
form
the
basic
building
blocks
of
the
surveillance
plan
and
provide
a
means
for
uniform
planning.
The
tasks
also
provide
a
mechanism
for
monitoring
implementation
of
the
surveillance
plan.
As
the
plan
evolves
new
tasks
may
be
added
or
existing ones refined.
Identification
of
Operational
Components
Having
identified
specific
tasks,
"operational
components"
required
for
implementing
the
plan
were
defined.
The
criteria
used
to
establish
the
operational
components
were:
1)
Category
of
surveillance
task
(i.e.,
program
management,
data
analysis,
sample
collection,
laboratory
analysis,
etc.)
2)
Organizational
responsibility.
3) Geographical location.
4)
Means
of
sample
collection.
5) Sample and laboratory type.
The
operational
components,
as
specified
by
the
Surveillance
Sub—
committee,
are
listed
horizontally
in
Table
4:3.
As
shown,
the
surveillance
tasks
are
carried
out
under
a
number
of
operational
components.
For
example,
the
task
"zooplankton
analysis"
is
performed
in
main
lake,
nearshore,
connecting
channels
and
water
intakes.
In
summary,
the
surveillance
design
consists
of
specific
tasks
which
are
implemented
by
operational units.
The
surveillance
design
details
are
being
developed
for
each
lake
and
connecting
channel.
These
will
be
published
as
separate
documents
containing
objectives
and
rationale
for
each
design
component
and
task
together
with
lists
of
parameters
and
sampling
locations.
Some
general
aspects
of
the
design
components
and
refinements
which
have
been
made
in
the
preliminary
plan
in
the
1974
Appendix
B
are
presented
here.
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 INTERNATIONAL
GREAT LAKES SURVEILLANCE DESIGN
OPERAT IONAL COMPONENTS
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GREAT LAKES SURVEILLANCE TASKS
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o
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< u:
H v:
ship/Boat Support ALL X X X X
Sample Collection/Tech. Crews ALL x x X X X X X x X
Base Lab Support - General 1,5,7 x x X X X X X x
Base Lab Support — Special 1,5,7 x x X X X X X x
Microbiological Analysis 6.1 x x x X X X X
Phytoplankton Analyses 1,9 x x x X
Zooplankton Analyses 1,9 x X x X
Benthos l,2,3,9 x X X
Metals — Water 3 X X x x x x
Metals — Sediments 3 x X X X
Metals - Biota (Fish) 3
Organics — Water 2 X X X
Organics — Sediment 2 X X X
Organics — Biota (Fish) 2 x x x
Macro Invert l,2,3,9 x x
Periphyton l x X
Data Processing ALL x x x x x x x X X
Data Analysis — Reporting ALL X x X x X X
Monthly Monitoring—Significant l,2,3,5,
Tributaries 6,7,9
Increase Tributary Monitoring
to 26X 1
Purchase Lab. Trailers l.2,3,5,
(Field equipment) 6,7,9
Improve Stream Caging l,2,3,5,
6,7,9
Expedite Flow Data 1,2,3,5,
6,7,9
Archive Bio Samples 2,3
Sampling Connecting Channel l,2,3,5,
8-12 times per year 6,7,8,9
Increase Sampling of Head
and Mouth Ranges 1 X X
Monitor Point Sources in
Conjunction with Impact surveys ALL X X
High Frequency Sampling 1,7 X X
Compile & Store Historical Data ALL X X X X
Design/Implement Lab Sampling ALL
Methods Program
Sample Exchange/Intercomp. ALL
Program
Compile Historical Loadings 1,5,7
Agency participation in ALL
Surveillance Subcommittee
Secretariat Support — SS
ALL
x
Assistance in Preparing
Annual Report ALL X
Publish 8. Maintain Surv. Design ALL
X
Follow-up on Surveillance Plan ALL X
Maintain Historical Loads ALL x
Continue Existing Data
X
Management Systems ALL
Increase Capacity of Existing
X
Data Management ALL
STORE CCIW Data in STORET
ALL
x
STORE MOE Data in STORET ALL x
Maintain/Improve Canadian
x
Access to STORET ALL
Install Precipitation/Air 1.2,3J.
particulate samples 5
Monitor Organics in Herring Gulls Z x
Remote Sensing - Shorelines l x
Ground Truth - Cladophora l
X X
Fish Program/Contaminants 2 x
Biological Field Expenses 1,2.3,6
Deploy/Maintain DO Buoys 1
Water Intakes
4
X
Open Lake Sapling
A
x
Source Control — Zone Monitoring 4
Spatial Sampling
X
- Offshore 2.3 x
— Nearshore 2.3
Temporal
Sampling
x
- Offshore 2,3 X
~ Nearshore 2,3 X
Monitoring Compounds
x
Storage of Biological Samples
Upstream Monitoring
‘
         
    
The
fir
st
pra
cti
cal
req
uir
eme
nt
of
the
sur
vei
lla
nce
pro
gra
m i
s
to
pr
ov
id
e
the
me
an
s
for
sa
mp
le
co
ll
ec
ti
on
and
fie
ld
an
al
ys
is
for
sp
ec
if
ic
par
ame
ter
s.
To
sa
mp
le
op
en
lak
es,
lar
ge,
oc
ea
no
gr
ap
hi
c
ve
ss
el
s
wi
th
on
bo
ar
d
la
bo
ra
to
ri
es
and
pr
ec
is
e
na
vi
ga
ti
on
al
eq
ui
pm
en
t
are
nee
ded
.
Fo
r
ne
ar
sh
or
e
an
d
co
nn
ec
ti
ng
ch
an
ne
l
wo
rk
,
sm
al
le
r
bo
at
s
eq
ui
pp
ed
wi
th
on
bo
ar
d
la
bo
ra
to
ri
es
and
pr
ec
is
e
na
vi
ga
ti
on
al
eq
ui
pm
en
t
to
lo
ca
te
sa
mp
li
ng
st
at
io
ns
are
re
qui
re
d.
On
—b
oa
rd
la
bo
ra
to
ri
es
are
ne
ed
ed
to
an
al
yz
e
sa
mp
le
s
for
ce
rt
ai
n
pa
ra
me
te
rs
wh
ic
h
mi
gh
t d
et
er
io
ra
te
du
ri
ng
tra
nsp
ort
to
lan
d-b
ase
d
fac
ili
tie
s.
Als
o,
sev
era
l
sma
lle
r o
utb
oar
d,
spe
edb
oat
s
are
req
uir
ed
esp
eci
all
y
in
sha
llo
w a
rea
s
to
exp
edi
te
sam
ple
co
ll
ec
ti
on
and
tr
an
sp
or
t
to
ne
ar
by
bo
at
or
la
nd
-b
as
ed
la
bo
ra
to
ri
es
.
Thi
s
su
rv
ei
ll
an
ce
pl
an
is
ba
se
d
on
the
go
ve
rn
me
nt
s
op
er
at
in
g
and
ma
in
ta
in
in
g
two
la
rg
e
ve
ss
el
s
(on
e U
.S.
and
one
Can
adi
an)
and
eig
ht
me
di
um
si
ze
d
la
b
bo
at
s.
Th
e
sm
al
le
r
bo
at
s
ar
e
im
pl
ie
d
in
th
e
pl
an
bu
t
costs are not significant.
An
im
po
rt
an
t
fa
ct
or
in
ma
na
gi
ng
Gr
ea
t
La
ke
s
wa
te
r
qu
al
it
y
is
det
erm
ini
ng
the
typ
es
and
qua
nti
tie
s
of
mat
eri
als
ent
eri
ng
the
sys
tem
.
Th
re
e
op
er
at
io
na
l
co
mp
on
en
ts
ha
ve
be
en
id
en
ti
fi
ed
to
mo
ni
to
r
the
se
inp
uts
:
tri
but
ary
,
atm
osp
her
ic
and
com
pli
anc
e m
oni
tor
ing
.
To
pro
vid
e
a
sta
tis
tic
all
y v
ali
d
est
ima
te
of
mat
eri
al
inp
uts
,
par
tic
ula
rly
for
pho
sph
oru
s,
the
ref
ine
d
sur
vei
lla
nce
pla
n s
pec
ifi
es
tha
t s
amp
lin
g f
req
uen
cy
be
inc
rea
sed
fr
om
tw
el
ve
to
tw
en
ty
-s
ix
tim
es
per
yea
r
in
si
gn
if
ic
an
t
tr
ib
uta
ri
es
.
Thi
s
fr
eq
ue
nc
y
is
ba
se
d
on
tw0
in
de
pe
nd
en
t
stu
die
s:
the
"La
ke
Eri
e
Was
tew
ate
r
Man
age
men
tS
tud
y"
by
the
U.S
.
Arm
y
Cor
ps
of
Eng
ine
ers
and
rec
ent
U.S
. E
PA'
s w
ork
on
the
des
ign
of
a n
ati
ona
l m
oni
tor
ing
net
wor
k.
It
is
pro
pos
ed
tha
t m
ost
of
the
add
iti
ona
l s
amp
les
be
col
lec
ted
dur
ing
hig
h
runoff events.
Mos
t r
eso
urc
e m
ana
ger
s a
nd
res
ear
che
rs
rec
ogn
ize
the
imp
ort
anc
e o
f
the
nea
rsh
ore
wat
er
of
the
Gre
at
Lake
s.
This
5,0
00
mil
e l
ong,
5—10
mil
e
wid
e z
one
pro
vid
es
the
mos
t d
ire
ct
pub
lic
acc
ess
to
the
Gre
at
Lak
es
wat
ers
.
Nea
sho
re
are
as
are
als
o t
he
fir
st
to
rea
ct
to
cha
nge
s i
n p
oin
t—s
our
ce
and
lan
d d
rai
nag
e p
oll
uta
nt
dis
cha
rge
s a
nd,
the
ref
ore
, t
he
fir
st
to
res
pon
d t
o r
eme
dia
l p
rogr
ams.
Howe
ver,
ther
e i
s p
res
ent
ly
lit
tle
or
no
mon
ito
rin
g o
f t
hese
nea
rsh
ore
are
as
on
the
U.S.
side
and
wha
t e
xis
ts
is
usua
lly
rese
arch
orie
nted
.
To f
ullf
ill
the
goal
s of
the
Agre
emen
t, t
he
Sur
vei
lla
nce
Sub
com
mit
tee
has
pro
pos
ed
a l
evel
of
nea
rsh
ore
mon
ito
rin
g
proportional to the magnitude and variability of this area.
Mat
eri
als
are
tra
nsp
ort
ed
to
the
mai
n l
ake
fro
m t
he
nea
rsh
ore
.
Mat
eri
als
als
o e
nter
the
mai
n l
ake
from
atm
osp
her
ic
fall
out
and
pre
-
cip
ita
tio
n.
The
mai
n l
ake
con
tai
ns
the
maj
ori
ty
of
the
wat
er
and
sus
—
pended and dissolved material mass. Also, this zone provides the
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 connection
betWeen
one
nearshore
area
and
another.
Therefore,
since
the
main
lake
responds
to
changes
much
Slower,
the
ultimate
water
quality
in
any
nearshore
area
will
depend
on
that
in
the
main
lake.
Main
lake
surveillance
is
an
important
component
particularly
with
respect
to
understanding
the
overall,
long
range
response
of
the
lakes
to
remedial
programs
as
well
as
the
possible
introduction
of
new
sources,
or
types
of
contaminants.
This
part
of
the
system,
however,
is
much
more difficult
and
expensive
to
sample
and
requires
equipment
similar
to
that
used
for
oceanographic work.
The
next
component
of
the
system
includes
the
connecting
channels,
Lake
St.
Clair
and
the
St.
Lawrence
River.
These
are
important
water
resources
in
themselves
as
indicated
by
their
intensive
use
and
prox-
imity
to
major
urban
and
industrial
complexes.
The
surveillance
plan
specifies
continuation
of
ongoing
efforts
to
detect
violations
of
water
quality
objectives
within
these
water
bodies.
However,
of broader
interest for
the connecting
channels
is their
role
in
linking
the
Great
Lakes.
The
type
and
amount
of
materials
transported
from
lake
to
lake
is
an
important
aspect
of
the
total
data
base
needed
to
evaluate
long
range
lake
responses
to
loading
changes.
The surveillance
plan includes
increased monitoring
of the material
transport
at
the head
and mouth
of each
channel.
Larger
boats with
adequate navigational equipment to precisely locate sampling stations
are required if material balances are to be accurately determined.
Monitoring of water quality at municipal water intakes provides an
inexpensive way to collect high—frequency data.
Intake data are the
only data available during the non-navigation period. Also, intake data
will provide a back—up for the main-lake sampling particularly in years
when specific lakes are not being sampled by the ship program. The high
sampling frequency permits the establishment of water quality trend with
a high degree of statistical confidence.
Within the operational components, the refined surveillance plan
places emphasis on the biological structure of the Great Lakes system.
The surveillance plan specifies monitoring which will identify biota
types and quantity of biomass as recommended by the Research Advisory
Board. The plan also recognizes the importance of an adequate biological
data base to implement the mixing zone concepts being developed by the
Water Quality Objectives Subcommittee.
More intensive sampling and analysis of hazardous compoundsin
water sediments and biota is proposed to provide an accurate assessment
of
this
issu
e.
A s
epar
ate
desi
gn
comp
onen
t t
o mo
nito
r p
ersi
sten
t
che
mic
als
in
fish
has
been
prep
ared
by a
spec
ial
work
grou
p.
The
pro~
1
pose
d pr
ogra
m is
mini
mal
in p
ropo
rtio
n to
the
magn
itud
e of
the
Grea
t
*
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Lak
es
but
sho
uld
pro
vid
e a
n i
nte
rna
tio
nal
ly
coo
rdi
nat
ed
mea
ns
to
eva
lua
te
tre
nds
.
Thi
s e
ffo
rt
wil
l n
eed
to
be
sup
ple
men
ted
by
res
ear
ch
act
ivi
tie
s
to
des
cri
be
the
pat
hwa
ys
and
fat
e
of
spe
cif
ic
con
tam
ina
nts
.
Als
o,
a s
epa
rat
e o
per
ati
ona
l
com
pon
ent
has
bee
n
inc
lud
ed
to
ide
nti
fy
the
are
as
of
the
Gre
at
Lak
es
sho
rel
ine
aff
ect
ed
by
gla
dgp
hgr
a.
Thi
s
wil
l b
e d
one
thr
oug
h a
com
bin
ati
on
of
aer
ial
rem
ote
sen
sin
g a
nd
col
lec
tio
n
of ground truth samples.
Sev
era
l o
f t
he
des
ign
com
pon
ent
s a
nd
tas
ks
are
cri
tic
al
to
the
ove
ral
l s
ucc
ess
of
the
sur
vei
lla
nce
pla
n a
nd
for
m t
he
fou
nda
tio
n f
or
all
other components. These include:
1)
Dat
a
Qua
lit
y.
The
qua
lit
y o
f d
ata
is
cri
tic
al
to
the
sur
vei
lla
nce
pro
gra
m.
If
the
Gre
at
Lak
es
sys
tem
is
to
be
ass
ess
ed
as
a
who
le
as
wel
l a
s b
y s
egm
ent
and
if
the
sur
vei
lla
nce
wor
k i
s
to
be
div
ide
d a
mon
g a
gen
cie
s,
then
a c
oor
din
ate
d d
ata
qua
lit
y
ass
ura
nce
pro
gra
m m
ust
be
imp
lem
ent
ed
imm
edi
ate
ly
thr
oug
h
the
Dat
a Q
ual
ity
Sub
com
mit
tee
of
the
Imp
lem
ent
ati
on
Com
mit
tee
.
Thi
s
ta
sk
ha
s
top
pr
io
ri
ty
for
the
su
rv
ei
ll
an
ce
pla
n.
The
cos
ts
for
da
ta
as
su
ra
nc
e
hav
e
bee
n
in
cl
ude
d
at
15
pe
rc
en
t
of
tot
al
lab
ora
tor
y c
ost
s.
How
eve
r,
add
iti
ona
l
res
our
ces
ma
y
be
re
qu
ir
ed
to
sup
po
rt
the
Dat
a
Qu
al
it
y
Su
bc
om
mi
tt
ee
wor
k.
2)
Dat
a M
ana
gem
ent
.
A c
oor
din
ate
d d
ata
man
age
men
t p
rog
ram
is
also
a ke
y e
lem
ent
in
the
sur
vei
lla
nce
desi
gn.
Such
an
eff
ort
has
bee
n i
nit
iat
ed
by
the
Data
Qua
lit
y S
ubc
omm
itt
ee
and
shou
ld
be
con
tin
ued
.
A h
igh
pri
ori
ty
mus
t b
e g
ive
n t
o d
ata
man
age
men
t
in order to ensure complete analysis and timely reporting.
In
addi
tion
, a
con
cer
ted
eff
ort
mus
t b
e m
ade,
par
tic
ula
rly
by
the
U.S.
age
nci
es,
to
com
bin
e h
ist
ori
cal
dat
a i
nto
one
sys
tem
and to facilitate data exchanges between agencies.
3)
Dat
a A
nal
ysi
s a
nd
Rep
ort
ing
.
Dat
a a
nal
ysi
s a
nd
rep
ort
ing
has
been a neglected aspect of surveillance programs. Additional
resources are required to bring this up to standards needed
for the annual assessment of water quality, even at the
expense of curtailing data collection.
Beyond the traditional data analysis and interpretation provided
by the jurisdictions, there is a need for a comprehensive under-
standing of cause and effect relationships in the Great Lakes
System. Comprehensive mathematical "models" of lake processes
provide the means to obtain such an understanding. The
development, calibration and verification of these "models"
are, however, matters for research.
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 4)
After
these
"models"
are
developed
the
Surveillance
Subcommittee
can
use
them
for
ongoing
analyses.
The
surveillance
program
will
provide
much
of
the
information
and
data
needed
for
model
calibration
and
verification.
Agency
and
IJC
Support
of
the
Water
Quality
Board'sSurveillance
Subcommittee.
Agency
participation
in
both
the
evolution
of
the
surveillance
plan
and
annual
assessment
of
Great
Lakes
water
quality
is
obviously
critical
to
the
success
of
the
Water
Quality
Agreement.
High
priority
for
this
participation
must
be
given
particularly
by
U.S.
agencies.
The
IJC
Regional
Office
also
has
a
key
role
to
play
in
documenting
and
following
the implementation of the plan.
Surveillance Schedule
‘
The scientists
and managers
involved
withthe Great Lakes
have
concluded
that
the best approach
for surveillance
is to operate
a continuing
program
at
a
more
or
less
stable
level
of
effort.
of
surveillance
resources
(i.e.,
ships,
laboratories,
computers
and
personnel).
Subcommittee has developed a surveillance schedule for the Great Lakes
which will be responsive to the needs of the Agreement and maintain
scientific credibility.
 
Connecting channels will be monitored annually.
will be given to biological parameters in each channel during intensive
years as indicated in Figure 4:2.
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This allows optimization
In the analysis of the Great Lakes System, the Surveillance
The schedule, as presented in Figure 4:2, provides for the open
: lakes to be sampled on a nine year cycle.
Ontario will be sampled intensively for two consecutive years during the
cycle due to their variable nature.
are less variable will be sampled one year each during the cycle.
Lakes Michigan, Erie, and
Lakes Superior and Huron which
Because of their degraded state and variability, lakes Ontario and
Erie will also be sampled annually for specific enrichment related
parameters (i.e., nutrients, chlorophyll, dissolved oxygen, microbiology).
Selected nearshore and problem areas will be sampled on a rotating
basis with somewhat increased intensity in frequency of sampling, number
of stations and parameter coverage to correspond with main lake intensive
years and the nature of the specific problem.
Increased emphasis
Analysis of .
The intakes §
Special studies are I
 FIGURE 4:2
PROPOSED GREAT LAKES SURVEILLANCE INTENSIVE SCHEDULE*
Design Component 1976 '77 '78 '79 '80 '81 '82 '83 '84 '85 '86
Main Lake — Intensive
Lake Michigan X X X X
Lake Erie X X
Lake Huron X
Lake Ontario X X
Lake Superior X
Nearshore/Problem Areas — Intensive
Lake Michigan X X
Lake Erie X X
Lake Huron X
Lake Ontario X X
Lake Superior X
Connecting Channel — Intensive
St. Lawrence X
Niagara X
Detroit X X
St. Clair X X
St. Marys X X
Lake St. Clair X
 
*Annual programs required to address specific problems are part of the schedule.
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planned
to
determine
the
adequacy
of
each
intake
for
the
surveillance
program.
Sampling
of
the
significant
tributaries
identified
in
the
Water
Quality
Board's
1975
Annual
Report
will
be
increased
from
12
to
26
times
per
year
with
emphasis
on
runoff
events.
Summary
of
Resource
Requirements
Cost
analyses
were
performed
for
each
lake
basin,
for
each
design
component,
by
tasks
within
components
and
by
agency.
These
details
form
the
basis
for
implementing
and
refining
the
plan.
The
resource
requirements
to
implement
the
total
surveillance
program
are
presented
in
Table
4:4.
These
costs
include
"existing"
which
are
the
committed
1976
funds.
The
column
labelled
"planned
1977”
are
the
resources
which
have
been
requested
by
the
agencies
for
surveillance
in
1977.
The
column
labelled
"average
annual
costs
1978
—
1985"
are
the
estimated
resources
required
to implement
the proposed
surveillance
plan.
The last
column
indicates
the
"new" money
required.
The
first
sampling
year
for
which
new
funds
could
be
realistically
provided
by
the
governments is 1978.
It should
be noted
that
certain
initial
capital
costs
(included
in
the design costs) would be necessary before the proposed plan is fully
implemented.
These capital costs include mobile laboratories for the
analysis of tributary samples, onboard analytical equipment and boats
for the nearshore program, and in some cases additional laboratory
capacity.
PLAN IMPLEMENTATION
The degree to which the proposed surveillance plan is implemented
obviously depends on the resources provided by the two governments. It
is unclear at this time exactly what newlevel of funding will be made
available or even if the existing funding will be maintained. In fact
recent economic conditions have forced curtailment of certain portions
of the existing program, and the lack of new resources has prevented
adequate support by some U.S. agencies.
The Surveillance Subcommittee is convinced that the resource requirements
for this surveillance program are reasonable and proportional to the
magnitude and complexity of the Great Lakes system and its value as an
international water resource. If viewed in relation to the cost of the
remedial programs, to protect this resource the cost of the surveillance
program is minor. The proposed $15.9 million per year program for 9 .
years represents about 2 percent of the $7 billion being spent on remedial
programs now underway. In addition, an effective surveillance program
will enable us to foresee and prevent crises rather than reacting to them.
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TABLE 4:4
ANNUAL GREAT LAKES SURVEILLANCE COST ESTIMATES
(Thousands of Dollars)
   
 
 
 
 
 
NEW FUNDS
PROJECT COUNTRY EXISTING 1977 1978-86 REQUIRED
Ship Support Canada 500* 500* 800* 300
United States 475** 475** 950* 475
Open Lake (Annual & Intensive) Canada 1260 1000 956 —
United States 620 1100 1014 394
Near Shore (Annual, Intensive Canada 1200 1400 1556 356
Special Studies) United States 440 415 2680 2240
Connecting Channels (Annual, Canada 327 210 467 140
Intensive, Special Studies) United States 200 202 405 205
Water Intakes Canada 52 52 310 258
United States 35 35 652 617
Tributary Loading Canada 260 260 890 630
United States 1080 1080 2101 1021
Atmospheric Loading Canada 80 120 87 7
United States 53 143 101 48
Cladophora Canada 0 0 50 50
United States 0 0 100 100
Radioactivity Canada 25 70 100 75
United States 50 120 190 140
Fish Contaminants Canada 39 192 192 153
United States 159 192 192 33
____________________ L_u_.__u____n_.l_"____"_J.___“__J_n____“__i._.___u._4
(Cont'd)
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 TABLE 4:4 (Cont'd)
       
NEW FUNDS
PROJECT
COUNTRY
EXISTING
1977
1978-86
REQUIRED
Wildlife Contaminants
Canada
134
164
164
30
United
States
ND
ND
ND
ND
Data Quality (Interlab,
Canada
30
50
50
20
Agency,
Country)
United
States
10
10
100
90
Data Management
Canada
40
40
50
10
United
States
10
50
150
140
IJC Regional Office
Canada
15
65
65
50
United
States
15
65
65
50
Support of IJC — Surveillance Canada 80 160 160 80
Subcommutee
United States
58
120
120
62
Compliance Monitoring Canada 200 200 200 -
United States 983 983 983 —
Canadian Totals 4242 4483 6097 1855
U.s_
Totals
4188
4990
9803
5615
Annual Total Cost
8430
9473
15900
6970
ND — Not determined
* — Includes amortization
** - No amortization
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Water quality issues are becoming more subtle and difficult to
manage. In the 1960's the problems were primarily those of gross
pollution resulting from the discharge of untreated municipal and
industrial wastes. During the 1970's concerns have focussed on the
need for improved levels of treatment especially for phosphorus removal.
Issues in the future will involve maintenance of nutrient loadings under
the pressures of expanding populations and economies. This may require
controls of nutrients from diffuse sources. In addition, contamination
of the lakes and their biota by an ever expanding array of toxic compounds
appears to be an increasing problem which must be prevented. Thus, the
surveillance program must be designed with a view to future needs and
Will require more sophisticated analysis of complex compounds, more
detailed analysis of ecosystem components and newer tools for data
analysis.
 
Recognizing and preventing possible pollution problems is far less
costly than pollution abatement. In fact, an adequate surveillance
program, including research and analysis, will provide management with
the information to do this.
If no new funds areprovided or if the existing level of funding is
reduced, it is suggested that rather than eliminating any component or
task of this plan, the work be carried out over a longer period of time.
In this way, the requirements of the Agreement to provide a scientifically
valid waterquality assessment may still be fulfilled although at an
unsatisfactory frequency.
It is essential that a follow-up process be developed to assure
that whatever funds are provided are used wisely. Such a process is
shown in Figure 4:3 and requires a continuing dialogue between the
funding agencies and the various IJC committees. Surveillance Sub-
committee workshop meetings are needed to assess the level of funds that
are provided by the governments and to ensure that the programs are
being implemented according to the agreed tasks. These decision—making
steps as presented in Figure 4:3 must be carried out in a timely manner
by the responsible parties to ensure that the agreed program can be
implemented at the onset of the sampling season.
The IJC Regional Office will also be required to support the Surveillance
Subcommittee in attaining a timely surveillance program by documenting
and publishing the detailed surveillance plans, updating the existing
plans and documenting the results of the follow—up workshops.
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 Figure 4:3
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THE
REGIONAL
OFFICE
Assessment
of
Selected
Problem
Areas
Lake Superior
Lake
Lake
Nipigon
Bay
—
Ministry
of
the
Environment
Thunder
Bay
—
Ministry
of
the
Environment
Silver
Bay
—
Minnesota
Pollution
Control
Agency:
Baumgartner,
D.
J.,
W.
F.
Rittail,
G.
R.
Ditsworth,
and
A.
M.
Teeter,
"Water
Clarity
in
Relation
to
Fine
Particulate
Matter
in
Lake
Superior",
U.S.
EPA,
Pacific
Northwest
Environmental
Research
Laboratory
(NWQL),
Corvallis,
Oregon,
April, 1973.
IJC,
"Asbestos
in
the
Great
Lakes
Basin
With
Emphasis
on
Lake Superior”, February, 1975.
Lemke,
Armond E.,
"Characterization
of
the North Shore
Surface
Water
of
Lake
Superior",
U.S.
EPA,
NWGL,
1973.
Duluth Superior Harbor — Minnesota Pollution Control Agency
Red Clay Area - Wisconsin Department of Natural Resources
Michigan
Green Bay — Wisconsin Department of Natural Resources,
Michigan Department of Natural Resources
Milwaukee Harbor — Wisconsin Department of Natural Resources
Huron
Saginaw Bay — Michigan Department of Natural Resources,
Environmental Protection Agency, Grosse Ile Laboratory
Collingwood Harbour — Ministry of the Environment
Serpent Harbour — Ministry of the Environment
St.
Ma
ry
s
Riv
er
- M
ini
str
y
of
the
Env
iro
nme
nt
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Lake Erie
Detroit River — Michigan Department of Natural Resources,
Ministry of the Environment
Toledo Area (Maumee River) — Ohio Environmental Protection Agency
Cleveland Area — Ohio Environmental Protection Agency
Ashtabula River — Ohio Environmental Protection Agency
Assessment of Whole Lake Problems
Lake Erie — Environmental Protection Agency, Grosse Ile Laboratory
Cladophora — IJC, "Cladophora in the Great Lakes”, edited by
Shear, H. and D. E. Konasewich. IJC Regional Office,
Windsor, Ontario, February 1975.
Neil J. H. and G. E. Owen. 1964. Distribution,
environmental requirementsand significance of
Cladophora in the Great Lakes. Great Lakes Res.
Div., University of Michigan, 11: 113-121.
Taft, C. E. and W. J. Kishler. 1968. Algae from
Western Lake Erie. The Ohio Journal of Science
68 (2): 80—83
Fish Contaminants - Ministry of Natural Resources,
New York Department of Environmental Conservation,
Ministry of the Environment,
Michigan Department of Natural Resources.
Wildlife Contaminants — Gilbertson, M. 1974. Pollutants in breeding
Herring Gulls in the lower Great Lakes. Can.
Fld. Nat. 8_8: 273.
Gilbertson, M. and R. Hale. 1974. Characteristics
of the breeding failure of a colony of Herring
Gulls in Lake Ontario. Can. Fld. Nat. §§; 356.
Morris, R. D. 1974. The breeding biology of
CommOn Tern and Herring Gull colonies in eastern
Lake Erie and western Lake Ontario. C.W.S.
Research Report.
Accidental Spills — New York Department of Environmental Conservation,
Environmental ProtectionAgency, Region II
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Agency,
Illinois
Environmental
Protection
Agency,
Michigan
Department
of
Natural
Resources,
Ohio
Environmental
Protection
Agency,
New
York
Department
of
Environmental
Conservation
M
i
n
i
s
t
r
y
of
the
Environment.
,
Atmospheric
Loadings
—
Canada
Centre
for
Inland
Waters
Casey,
D.
J.
and
Salbach,
S.
E.
1974.
IFYGL
Stream
Materials
Balance
Study.
Proc.
17th
Conf.
Great
Lakes
;
Res.
668—681,
Internat.
Assoc.
Great
Lakes
Res.
Murphy,
T.
J.
and
Doskey,
P.
V.,
1975.
Inputs
of
Phosphorus
from
Precipitation
to
Lake
Michigan.
EPA
Ecological
Report
Series. EPA ~600/3-75-005.
Detailed
Assessment
of
the
Niagara
River,
Lake
Ontario
and
the
St.
Lawrence
River
Niagara
River
-
Environmental
Protection Agency,
Region
II,
New York Department
of Environmental Conservation.
Lake Ontario
Trophic Status — Canada Centre for Inland Waters,
Ministry of the Environment,
Environmental Protection Agency, Grosse Ile Laboratory,
‘
National Oceanic and Atmospheric Administration.
Lee, G. F., Algal Nutrient Availability and Limitation
in Lake Ontario during IFYGL. 0RD, EPA, Corvallis, Oregon.
August, 1975, 533 pp.
Thomann, R. V., Di Toro, D. M., Winfield, R. W., O'Connor,
D. J., Mathematical Modeling of Phytoplankton in Lake
Ontario 1. Model Development and Verification. 0RD, EPA —
660/3-75-005. EPA, Corvallis, Oregon. March, 1975, 177 pp.
Thomann, R. V., Winfield, R. P., Di Toro, D. M. and
O'Connor, D. J., Mathematical Modeling of Phytoplankton
in
Lak
e O
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rio
2.
Sim
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Czaika, S. C. 1974. Crustacean zooplankton of southwestern
Lake Ontario in 1972 during the International Field Year for
the Great Lakes. Proc. 17th Conf. Great Lakes Res.,
Intl. Assoc. Great Lakes Res., l-16.
Fenlon, M. W., D. C. McNaught, and G. D. Schroder. 1971.
Influences of thermal effluents upon aquatic production in
Lake Ontario. Proc. 14th Conf. Great Lakes Res., Intl.
Assoc. Great Lakes Res., 21-26.
Fenlon, M. W., D. C. McNaught, and G. D. Schroder. 1971.
Influences of thermal effluents upon aquatic production in
Lake Ontario. Proc. 14th Conf. Great Lakes Res., Intl.
Assoc. Great Lakes Res., 21-26.
Hiltunen, J. K. 1969. The benthic macrofauna of Lake
Ontario. In: Limnological survey of Lake Ontario, 1964.
Great Lakes Fish. Comm., Tech. Rept. No. 14, 39—50.
Johnson, M. G. and R. O. Brinkhurst. 1971. Associations
and species diversity in benthic macroinvertebrates of Bay
of Quinte and Lake Ontario. Journ. Fish. Res. Ed. Canada,
28: 1683—1697.
Kinney, W. L. 1972. The macrobenthos of Lake Ontario.
Proc. 15th Conf. Great Lakes Res., Intl. Assoc. Great Lakes
Res., 53—79.
McNaught, D. C. and M. Buzzard. 1973. Changes in zooplankton
production in Lake Ontario as influenced by environmental
perturbations. U.S. Environmental Protection Agency, Ecol.
Res. Ser., EPA—660/3—75—021, 156 p.
Nalepa, T. F. and N. A. Thomas. 1976. Distribution of
macrobenthic species in Lake Ontario in relation to sources
of pollution and sediment parameters. Journ. Great Lakes
Res., (in review).
Patalas, K. 1969. Composition and horizontal distribution
of crustacean plankton in Lake Ontario. Jour. Fish. Res. Ed.
Canada, 26: 2135-2164.
Patalas, K. 1972. Crustacean plankton and the eutrophication
of St. Lawrence Great Lakes. Jour. Fish. Res. Ed. Canada,
29: 1451-1462.
Watson, N. H. F. 1974. Zooplankton of the St. Lawrence
Great Lakes - species composition, distribution and abundance.
Jour. Fish. Res. Ed. Canada, 31: 783—794.
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net
plankton
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Lakes
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Jour.
Fish.
Res.
Bd.
Can. 31: 309-317.
Nutrient
Chemistry
—
Canada
Centre
for
Inland
Waters,
Ministry
of
the
Environment
Dissolved
Oxygen
—
Canada
Centre
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Inland
Waters,
Environmental
Protection
Agency,
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Dissolved
Solids
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Canada
Centre
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Waters
Toxic
and
Contaminating
Substances
in
Fish
and
Other
Biota
—
Ministry of Natural Resources,
New
York
Department
of
Environmental
Conservation.
Microbiology
—
Canada
Centre
for
Inland
Waters
Hamilton
Harbour
— Ministry
of
the
Environment
EPA,
1973.
Water
Quality
Criteria
1972.
EPA Ecological
Research Series, R3.73.033, pp. 594.
Lin, S. D., R. L. Evans and D. B. Beucher, 1974.
Bacteriological
Assessment of Spoon River Water Quality.
Applied Microbiology,
p. 288~297.
International Working Group on the Abatement and Control of
Pollution from Dredging Activities, 1975. Report, May 1975.
MOE, 1974. Hamilton Harbour Study. Ministry of the Environment,
Water Quality Branch publication.
Toronto Central Waterfront — Ministry of the Environment
Bennett, E. A. 1969. Investigation of daily variations in
chemical, bacteriological and biological parameters at two
Lake Ontario locations near Toronto (11) Bacteriology, Proc.
12th Conf. Great Lakes Research, p. 21-38.
Brinkhurst, R. 0., 1970. Distribution and abundance of tubificid
(Oligochaeta) species in Toronto Harbour, Lake Ontario. J. Fish.
Res. Bd. Canada, 27, 1961-1969.
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University of Toronto, 1974. A benthic faunal and sediment
study of the Toronto Harbour and shoreline. A report prepared
for the Ministry of the Environment by T. C. Hutchinson,
A. Fedorenko and A. Kujc from the Institute for Environment
Studies, U. of T.
Water Environment Study Group, 1975. The Central Waterfront
Environmental Information Base, Water Environment. A report
presented to the Central Waterfront Planning Committee by Water
Environment Study Group.
 
Bay of Quinte - Ministry of the Environment
Port Hope — Ministry of the Environment
Rochester Embayment — New York Department of Environmental Conservation,
Environmental Protection Agency, Region II'
Oswego Harbor - New York Department of Environmental Conservation,
Environmental Protection Agency, Region II
St. Lawrence River - Canada Centre for Inland Waters
Manuscript Report No. KR. 71—7, Division of Public Health
Engineering Dept. of Fisheries and Forestry. B. M. Boyer and
H. F. Wong, 1970.
 
IJC, 1969. Vol. 3, Pollution of Lake Erie, Lake Ontario and
the International Section of the St. Lawrence River.
Regulation of Great Lakes Water Levels, Appendix B, Vol. 2.
Report to the IJC by the International Great Lakes Levels
Board, Dec. 1973.
Unpublished Report Water Quality Branch, Ontario Region.
Report on Water Quality Surveys, 1973.
Progress Report - to the IJC Boundary Water Pollution Studies
International Section of the St. Lawrence River by Public
Health Engineering Division, Environmental Protection Service,
Environment Canada. February 1972.
IFYGL Stream Materials Balance Study. Proc. 17th Conf. Great
Lakes Res. 668—681 - Internat. Assoc. Great Lakes Res. Casey,
D. J. and Salbach, S. E., 1974.
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IJC
(unpublished)
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the
effects
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Loadings
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Ontario
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a
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model
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Prepared
by
Hydroscience,
Inc.,
Westwood,
N.
J.
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INTRODUCTION AND TERMS OF REFERENCE
Reports of the Water Quality Board and the International Joint Commission
have placed increasing emphasis on the need to document the quality of data
being used in the preparation of reports by the Reference Groups and more
recently the Surveillance Subcommittee.
In.response to this, the Upper Lakes
Reference Group (ULRG) in 1973 instituted an ad hoc Committee for Data
Quality (CDQ) to address the question of compatibility of current analytical
procedures, particularly those for nitrogen, phosphorus and the major ion
water quality parameters. In 1974 the Pollution from Land Use Activities
Reference Group (PLUARG) initiated various technical workshops to address
not only analytical, but also sampling and data management techniques, in
order to develop a "handbook" of recommended procedures.
In its report to the Water Quality Board in September 1974, the
Implementation Committee recommended the formal establishment of a
data quality function. This led to the formation of a Data Quality
Subcommittee (DQS) with the rather wide-ranging responsibility "to
assist all data users under the Water Quality Agreement in their tasks of
assessing water quality in the Great Lakes System by determining the quality,
reliability and compatibility of analytical data...."
Four areas which the DQS was specifically asked to address under its
Terms of Reference were:
1. Sample collection, handling procedures and equipment
2.
Sam
ple
pre
par
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a
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ra
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s
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at
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The
following
report
outlines
some
of
the
alternatives
which
have
been
considered by DQS
in expanding
upon and
refining
the
objectives
implied
in the
terms
of
reference.
It
indicates
the
philosophy
and
charges
of
the
Subcommittee
and
the
direction
in
which
it
will
attempt
to
move
on
both
the
short
and
long
term.
BASIS OF THE SUBCOMMITTEE
 
Many of the problems which lead to non—compatibility of data, data manage—
ment problems or inadequate analytical procedures,
or which result in a poorer
level of data quality than that required for Agreement activities occur because
of incomplete program design.
Past programs have sometimes been started
before
it was
confirmed
that
the
technical
services
available
will meet
projected
program needs.
Frequently these problems could be traced back to poor communica—
tion either within or between disciplines as well as between agencies and
jurisdictions
at
the appropriate
working
levels.
The
ad hoc
Committee
approach
adopted by ULRG
and
later by
PLUARG
attempted
to foster
communication
at
the
working
level.
During numerous
meetings
group
members
developed
confidence
in the
expertise
of their
fellows
from other
agencies
and were
able
to
resolve
differences
in
technique
and
to
encourage
the
adoption
of
improved procedures
on an
informal
basis.
When
it
became
necessary
to
address
inter—disciplinary
problems,
(as
for
example,
what
field
activities
are
required
to
ensure
delivery
of
a
suitable
sample
to the
laboratory
for analysis),
several
difficulties
arose.
In
general
these
were
related
to
the
ability
of
the
other
service
groups
to
incorporate
the
recommended
changes
into
their
existing
activities.
There
was
no
mechanism
to
ensure
that
recommendations
from
the
various
committees
would
actually
be
implemented
by
the
individuals
responsible
or
in
fact
that
these
recommendations
would
be
compatible
between
committees.
Occasionally,
there
was
also
the
problem
of
either
accepting
current
practice
in
spite
of
inadequacy
or
error,
or
of
implementing
changes
which
would
result
in
incompatibility
of
future
and
existing
data
bases.
To
some
extent
it
was
also
found
that
a
small
group
of
scientists
could
not
evaluate
the
total
data
quality
picture
and
therefore
neglected some specifics.
GENERAL DIRECTION AND STRUCTURE
In
its
early
stages,
the
DQS
perceived
its
role
as
one
of
coordination
unifying
the
work
of
the
ad
hoc
committees
of
ULRG
and
PLUARG
in
order
to
"review
present
programs
to
determine
adequacies
and
limitations"
in
the
four
areas
of
technical
service:
sampling,
analysis,
data
quality
and
data
manage-
ment.
Therefore,
four
Work
Groups
were
formed
to
address
these
subjects.
WG-A.
Sample
collection,
handling
procedures
and
equipment
including
documentation
and
evaluation
of
existing
techniques.
WG—B.
Sample
preparation
and
analysis
methodology
including
definition
of
terminology
and
reporting
units.
I-Z
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WG-C.
Data
quality
assurance
including
documentation
of
existing
techniques
and
procedures
for
assessment
of
existing
data
quality
by
inter
and
intra
laboratory
quality
control
studies.
WG—D.
Data
management
including
development
of
economic
and
efficient
procedures
for
data
transmittal
from
data
producer
to
data
user.
Based
on
the
Terms
of
Reference,
the
Work
Groups
were
then
to
undertake
the following general activities:
a)
documentation
of
existing
procedures,
b)
identification of areas of difference in approach between agencies, and
of potential
inadequacies
within
certain
agencies.
c)
detailed evaluation of the effect of this difference on data compatability.
including development of documentation, by the agencies involved, in
support of their approach.
d)
reports to the Implementation Committee regarding the compatability of
the various approaches and proposals of action required.
Each jurisdiction had one member on the DQS, therefore, the initiation of
the DQS Work Groups represented a move to provide a larger core of "involved"
personnel, expert within the area of concern, who would work through contact
people within each agency in each jurisdiction to identify specific problems
in somewhat the same fashion as the previous ad hoc committees had done or
were doing. The intent was to get as close to the working levels as possible
in order to determine what was actually being done.
During 1975, as the ULRG completed its studies and the PLUARG advanced
further in its program, it became clear the courses of those groups were
established re” data quality and management. The primary interaction of the
Data Quality Subcommittee in the future would be with the Surveillance Subcom-
mittee, although certain DQS members continue to be involved with all three
groups. Questionnaires on sampling and analytical methodology had been devised
by the ULRG CDQ and adopted in modified form by Task C PLUARG. A "Quality
Cont
rol
Hand
book
” fo
r PL
UARG
Task
C ha
d be
en d
raft
ed b
ased
on e
arli
er w
orks
hops
in E
ast
Lans
ing
and
Madi
son
in 1
974.
It w
as f
elt
ther
efor
e th
at t
he D
QS W
ork
Grou
ps
invo
lved
in t
hese
area
s sh
ould
revi
ew t
hese
resp
onse
s an
d fr
om t
hem
dev
elo
p a
sum
mar
y r
epor
t o
n t
hem
whic
h w
ould
serv
e t
wo
purp
oses
:
a)
to m
eet
the
imme
diat
e ne
eds
of U
LRG
and
PLUA
RG,
and
b) t
o de
term
ine
a ge
nera
l fo
rmat
whi
ch
cou
ld
be
ado
pte
d
as
a m
ode
l
for
fut
ure
suc
h
rep
ort
s.
DEVELOPMENT OF THE WORK GROUPS
The WG-B on Analytical Methodology was in a pOSitiov “Ct only to récognfze
its
pri
mar
y o
bje
cti
ves
, b
ut
als
o t
o m
ove
tow
ard
s a
ddr
es5
1ng
the
m i
nla
Sig
nif
i—
cant
fash
ibn.
Prel
imin
ary
draf
ts s
umma
rizi
ng t
he i
nfor
mati
on c
onta
ined
in
res
pon
ses
to
que
sti
onn
air
es
on
nit
rog
en,
pho
sph
oru
s
and
chl
ori
de
met
hod
olo
gy,
and documents to initiate discussion of existing nomenClature have been drawn
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up.
The previous work of the Ad Hoc Committee on Data Quality was helpful in
preparing these documents.
A paper addressing the estimated costs to conduct
various chemical analysis and to update existing analytical systems for these
parameters was prepared at the request of the Surveillance Subcommittee.
Work Group A on Sampling and Sample Handling Procedures has not proceeded
in its tasks.
A chairman has recently been selected ard preliminary identifica—
tion of goals is under way. To a certain extent this Work Group will be able
to build on the work of WG—B and CDQ.
Work Group C on Quality Control and Data Assurance has recognized a
general lack of readily available documentation of ongoing internal intra—
agency quality control procedures and objectives. While the need for control
of analytical methodology is recognized by most analysts, and while most in—
house programs are probably adequate. the principles to be followed and the
format for documenting adequately both within and between run precision are
not clear. Jurisdictional documentation of control over field activities is
less adequate because what is required is not clearly understood.
WG—C members
have been asked to document, in as complete a fashion as possible, not only
what they do but why they do it.
They will also review procedures available
for assessing performance on both the design and implementation of useful
inter-agency comparisons and the means available to develop better ways to
evaluate the data and transmit conclusions to participants as speedily as
possible.
Data storage and retrieval procedures are generally better documented.
To some extent, the role of Work Group D on Data Management depends upon the
identification of specific needs in this area.
Certain problems of parameter
identification and data transfer between data management systems are recognized
and activities are underway to clarify the extent of these problems.
In order to assist
the Work Groups in identifying objectives,
the follow-
ing list of general topics was prepared for their consideration and is reproduced
here to
indicate
the extent
of the
task
facing
the DQS
and
its Work
Groups.
1.
Development
of
a directory
of all
laboratories
in Great
Lakes
basin
capable
of
performing
analySes
needed
for
the
various
IJC
programs
including:
a) types of samples handled
b) parameter groups handled routinely
c) operating range and precision
d) comparability of analytical procedures
e) names of contact analysts
2.
Listing
of
Sampling
Methods
in
routine
use
in
the
various
agencies
including:
a)
purpose
of
program
for
which
samples
needed
b) quality of data expected
c)
comments
on
advantages
and
disadvantages
of
each
d) compatability
e) names of contact field personnel
1—4
   
3.
Listing
of
Sample
Preservation
and
Handling
Procedures
according
to
parameter group including:
a) effectiveness or effect of
b) technical difficulties involved
c)
compatability
of data
obtained
by different
methods
of preservation.
4.
Listing of Sample Preparation Procedures for various parameter groups
including: . a
I
hlkmu’ -
a) grinding, seiving. skinning, filletting, etc.
b) digestion. extraction techniques
c) compatability of alternative techniques
5. Directory of Parameters including perhaps:
a) concentration range expected in various sample types
b) purpose of analysis
c) technical difficulties in analysis of certain matrixes
d) compatibility of alternative techniques of analysis
e) interpretation of results produced by different techniques
6. Comments on feasibility and/or technical difficulties in measuring
parameters at the levels indicated in proposed Water Quality Objectives.
7. Formalization of a mechanism for requesting data from another agency
including a directory:
a) of data available in each agency
b) where and how data is stored
c) limitations on use of data
e) who is responsible for data reformat
f)
whe
the
r p
rogr
ams
exis
t f
or
refo
rmat
of d
ata
to
othe
r s
yste
ms.
8.
Dev
elo
pme
nt
of
a St
anda
rd
Form
at
for
stor
age
of
samp
le
site
info
rmat
ion
and
dat
a
to
fac
ili
tat
e t
ran
sfe
r
of
dat
a b
etw
een
age
nci
es.
Bas
ed
on
the
se
and
oth
er
con
sid
era
tio
ns.
rep
ort
s
hav
e
bee
n p
rep
are
d
by
WG-
B,
C,
and
D
ind
ica
tin
g t
hei
r
lon
g a
nd
sho
rt
ter
m g
oal
s.
The
se
are
pro
vid
ed
in the appendix to this report.
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d
to
so
lv
e
pa
rt
ic
ul
ar
pr
ob
le
ms
to
th
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.
Th
e
me
mb
er
sh
ip
of
th
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.
Therefore the technical serv1ce groups,
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s
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an
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og
ra
m.
.
.
as
re
pr
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e
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S,
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.
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t
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ra
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ed
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It
is
recognized
that
the
Surveillance
Subcommittee,
by
the
nature
of
its
mandate,
will
require
more
interaction
with
the
Data
Quality
Subcommittee
than
any
other
group.
There
has
been
a
transition
period
required
during
which
the
interactions
required
by
the
terms
of
reference
of
the
two
Subcommittees
has
been
under
review
by
the
Data
Quality
Subcommittee.
There
will
also
be
some
delay while DQS
members
orient
themselves
to a role
of
identifying
problems
affecting data quality in advance of recognized need for better quality by the
data user.
The sooner these problems can be identified,
the sooner DQS will
be in a position to address SS needs as they arise.
Inasmuch as better data quality and data management are related to improved
funding in the technical service areas, additional intra-agency funding for
back—up support of the DQS member will be required to permit him to adopt a
more committed position with respect to his DQS duties.
As the DQS through its Work Groups identifies and clarifies programs
necessary to assure not only data quality per se but also to ensure that data
quality
assessment
will
be
possible,
recommendations
will
be
made
to
the
Surveillance
Subcommittee
for
its
implementation.
Wherever
possible,
these
will be
based
on demonstrated
effectiveness
to achieve
the desired
goal.
It
is
the
need
to confirm
this
effectiveness
that will
result
in
some
delays.
INTERACTION WITH PLUARG
PLUARG
and
Surveillance
Subcommittee
data quality needs
will be
made
known
to DQS.
Since
several
Subcommittee members
and
its Work Groups
are
also
participating
in the
ongoing work
of Task C or
surveillance
there will be
ample opportunity for liaison between these groups.
DQS will assist wherever
possible but
will
not
otherwise
take
an
active
role
in PLUARG unless
requested
to address certain specific items.
1—6
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SAMPLING METHODOLOGY WORK GROUP (WORK GROUP A)
 
The Work Group met once to discuss its organizational procedures and to
outline the course of action to pursue in achieving its objectives. Further
activities awaited the appointment of a chairman.
ANALYTICAL METHODOLOGY WORK GROUP (WORK GROUP B)
INTRODUCTION
The Analytical Methodology Work Group (WG—B) was established by the Data
Quality Subcommittee at its initial meeting on June 17, 1975. WG—B held its
inaugural meeting on October 21, 1975 and has subsequently held two additional
meetings when its areas of concern and proposed plan of work were discussed
and formulated. The general responsibility of the Work Group is to review
procedures presently in use within the Great Lakes System for sample preparation
and analyses and determine their adequacies, limitations and comparabilities.
Associated with the methodology is a review of definitions, parameter nomen—
clature and units, and recommendations for standardizing them.
PRESENT ACTIVITIES
Evaluation of Analytical Methodologies
The
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Gro
up,
aft
er
con
sid
era
ble
dis
cus
sio
n,
dec
ide
d
to
app
roa
ch
its
man
dat
e
in
a s
tep
—wi
se
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l d
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analytical concentration ranges. When completed, program planners and managers
and other users will have a concise reference manual that will (1) inform them
of concentration ranges to be expected for different types of samples; and (2)
provide a detailed tabulation for each parameter by concentration range,
giving not only the latest methodology but also listing those laboratories
within the Great Lakes System performing surveillance monitoring analyzing for
that particular range and stating the normal sensitivity and precision that
can be expected of these analyses. It is anticipated that this summary manual
will be used in planning monitoring programs and after surveys to estimate the
potential compatibility between participating laboratories.
Analytical Cost Estimates
 
A second effort consists of a cost estimate summary for the same parameters
as the analytical methodology survey. This information was requested by the
Surveillance Subcommittee to use in preparing a budget for their proposed
surveillance programs. This information has been reviewed and a summary has
been prepared.
LONG—RANGE WORK PLAN
WG—B is approaching its long—range responsibilities in discrete steps.
As mentioned, the first step is to document the present methodology for the
forms of phosphorus and nitrogen, chloride, sulfate and silicon in aqueous
samples. Since water is the most common matrix sampled, subsequent surveys
will emphasize the analysis of parameter groupings such as toxic elements,
persistent organics, minerals, and other miscellaneous parameters in this
matrix.
The final analytical procedure for a given parameter is usually the same,
independent of the original sample type. The next major effort will be to
document the various sample preparation procedures involved for the different
parameter groups for the following sample types: sedimentary material, fish,
benthic flora and fauna, plankton, macrophytes and other miscellaneous sample
types. WG~B will be contacting other International Joint Commission related
groups to learn their needs and the work done by them, and to apprise them of
the WG—B's projected work plans and information requested of them. Proceeding
from water samples to other types will not be practical for some time as the
documentation of the basic methodologies will require a year or more to compile,
distribute, and respond to comments received on them.
The primary emphasis to date has dealt with the laboratory procedures
used to analyze water samples for different parameters.
Simultaneously,
although not so intensively, the WG—B is also proceeding on other items in
its terms of reference: listing of all laboratories on the Great Lakes conduct-
ing monitoring
analyses and
their
capabilities
is being compiled.
Expansion
and
refinement
of the Upper Lakes
Reference Group
recommended
definitions,
nomenclature and units for parameters is also currently underway.
Standardiza-
tion of these items is critical as a review of the literature will show the
ambiguous, sometimes conflicting, ways various descriptive terms are used.
  
  
One
of
the
more
glaring
examples
is
the
indiscriminate
use
of
phosphate
when
the
elemental,
not
the
anionic
form
is
intended.
Differentiating
between
filtered,
dissolved,
and
soluble
can
also
be
confusing.
Units
should
be
as
uniform
as
possible
and
be
in
the
SI
(Systeme
International)
format,
which
is
basically metric.
SUMMATﬂ
The
Data
Quality
Subcommittee,
with
its
component
work
groups,
was
established
to determine
the quality,
reliability
and comparability
of analyti—
cal
data
provided
by
the
various
jurisdictions
in
assessing
water
quality
in
the Great
Lakes
System.
Work Group
B will
comment
on the
adequacies and,
where appropriate,
the limitations of the analytical work being done in the
Great Lakes System.
Recommendations as to corrective measures required,
uniform methodology deemed essential or problem areas to be considered will be
forwarded to the Data Quality Subcommittee for action and response.
QUALITY CONTROL AND DATA ASSURANCE (WORK GROUP C)
INTRODUCTION
The Quality Control and Data Assurance Work Group (WG-C) was established
by the Data Quality Subcommittee (DQS) to address those areas within the DQS
terms of reference which relate to the assessment of data quality. The
general responsibility of the Work Group is to examine the potential impact on
data quality of each activity, from program design through sampling and analysis
to data management. To do this, it is necessary to review existing procedures
for documenting and evaluating quality to determine their adequacies and
limitations. Associated with this review of quality control methodology
is a review of definitions relating to statements of performance and recommenda—
tions for standardizing them.
LONG—RANGE WORK PLAN
The Work Group determined that there are internal and external levels of
act
ivi
ty
in
doc
ume
nti
ng
qua
lit
y c
ont
rol
and
dat
a a
ssu
ran
ce.
Internal Quality Control
Ea
ch
ag
en
cy
is
re
sp
on
si
bl
e
fo
r
in
st
it
ut
in
g
an
in
te
rn
al
me
ch
an
is
m
fo
r
do
cu
me
nt
in
g
th
at
a
ce
rt
ai
n
le
ve
l
of
pe
rf
or
ma
nc
e
is
be
in
g
ma
in
ta
in
ed
in
ea
ch
dis
cre
te
are
a i
nfl
uen
cin
g
dat
a q
ual
ity
.
The
mos
t
obv
iou
s a
rea
s a
re
fie
ld
ac
ti
vit
ie
s,
suc
h
as
sam
pli
ng
pro
ced
ure
s,
sam
ple
han
dli
ng,
pr
es
er
vat
io
n,
and
.
l
tr
an
sp
or
ta
ti
on
,
an
d
la
bo
ra
to
ry
ac
ti
vi
ti
es
,
su
ch
as
sp
ee
d
of
an
al
ys
is
,
an
al
yt
lc
a
met
hod
olo
gy,
and
dat
a
rep
ort
ing
pra
cti
ces
.
Les
s c
lea
r a
rea
s
req
u1r
1ng
per
for
-
ma
nc
e
ev
al
ua
ti
on
ar
e
in
pr
og
ra
m
de
si
gn
an
d
da
ta
ma
na
ge
me
nt
.
In
te
rn
al
co
nt
ro
l
mo
ni
to
rs
da
ta
pr
ec
iS
io
n
(i
.e
.
fr
ee
do
m
fr
om
ex
ce
ss
iv
e
sc
at
te
r)
,
bu
t
is
no
t
ne
ce
ss
ar
il
y
ab
le
to
do
cu
me
nt
fr
ee
do
m
fr
om
bi
as
(i
na
cc
ur
ac
y)
.
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External Data Assurance
 
Each
agency
generally
recognizes
a
need
to
participate
in
joint
studies
with
other
agencies
to
document
comparability
of
data.
There
are
two
aspects
to
be
considered
in
addition
to
relative
precision.
One
of
theSe
is
the
accuracy
with
which
a
given
participant
is
able
to
measure
a
known
sample;
the
other
is
the
validity
of
using
certain
procedures
which,
although
precise
and
accurate
in
the
data
they
provide,
are
inadequate
because
they
miss
an
important
component
and
therefore
give
the
wrong
picture.
Discussion
In
general
the
Work
Group
feels
that
documentation
by
the
various
agencies
of
the
results
of
internal
quality
Controland
external
data
assurance
programs
is
weak.
There
are
many
reasons
for
this,
but
perhaps
the
most
important
has
been
the
way
in
which
data
users
and
laboratory
analysts
have
perceived
their
data
needs.
It
has
been
easy
to
claim
that
only
estimates
are
needed
for
monitoring
waste
loadings
because
sample
source
variability
is
so
great
and
estimates
of
flow
so
inaccurate
that
precision
is
not
a
critical
factor.
However,
with
increasing
emphasis
being
placed
on
the
use
of
data
for
determining
base
line
levels
and
because
natural
levels
are
in
some
instances
so
close
to
the
detection
limit
of
the
existing
analytical
methodology,
there
is
increasing
recognition
that
better
documentation
of
precision,
accuracy
and
validity
of
existing
techniques
is
required.
Most
agencies
do
not
fund
a
quality
assurance
function
to
address
requests
for
documentation
of
performance
on
other
than
an
ad
hoc
basis.
There
are
no
standardized,
well-defined,
self-maintaining,
inexpensive
and
understandable
control
procedures.
There
is
not
a
clear
understanding
of
what
information
is
required
or
in
what
way
it
should
be
presented.
Therefore
when
a
statement
is
made
with
respect
to
data
quality
it
is
not
clear
exactly
what
is
meant
or
whether
data
is
available
to
support
the
statement.
There
is
not
a
uniform
understanding
of
the
objectives
of
quality
control
and
data
assurance,
either
to
improve
performance
or
to
assist
in
data
evaluation
and
interpretation.
Therefore
the
Work
Group
has
determined
that
its
long
term
objectives
must provide for:
a)
a
restatement
of
the
goals
and
objectives
of
performance
evaluation
whether
Internal
or
External.
b)
a
r
e
v
i
e
w
of
e
x
i
s
t
i
n
g
p
r
o
c
e
d
u
r
e
s
for
c
o
n
t
r
o
l
of
a
n
a
l
y
t
i
c
a
l
m
e
t
h
o
—
dology
within
each
agency.
c)
a
r
e
v
i
e
w
o
f
e
x
i
s
t
i
n
g
p
r
o
c
e
d
u
r
e
s
f
o
r
d
o
c
u
m
e
n
t
i
n
g
t
h
e
e
f
f
i
c
a
c
y
o
f
e
x
i
s
t
i
n
g
f
i
e
l
d
p
r
o
c
e
d
u
r
e
s
a
n
d
a
c
t
i
v
i
t
i
e
s
.
d)
a
r
e
vi
e
w
of
e
xi
s
t
i
n
g
t
e
c
h
n
i
q
ue
s
for
i
n
t
e
r
—
a
g
e
n
c
y
c
o
m
p
a
r
i
s
o
n
used
to
c
o
n
f
i
r
m
n
o
t
o
n
l
y
a
c
c
u
r
a
c
y
b
u
t
a
l
s
o
v
a
l
i
d
i
t
y
o
f
j
u
r
i
s
d
i
c
t
i
o
n
a
l
procedures.
  
  
e)
f)
recommendations
as
to
type
of
performance
data
required
to
addreSS
the
va
r
i
o
us
forms
of
problems
likely
to
arise.
recommendations
as
to
format
for
presenting
reports
on
performance
including
the
techniques
to
be
used
in
evaluating
it.
PRESEDT ACTIVITIES
The
following
activities
have
been
initiated
in
response
to
the
topics
outlined above.
1.
A
query
with
respect
to
existing
analytical
quality
control
pro—
cedures
is
being
drafted.
This
will
be
based
in
part
on
submissions
already
received
from
both
DQS
WG—C
and
PLUARG
Task
C
analysts.
Recommendations
are
being
developed
with
respect
to
data
coding
which
will
permit
proper
qualification
of
data
quality
without
loss
of information.
Studies on the design and evaluation of inter—agency comparison data
are underway.
These will
include
guidelines
for making
the
results
of such evaluations more accessible to the scientific community;
i.e. how to recognize good performance.
The interaction of WG—C with the Surveillance Subcommittee (SS) is
under review to determine to what extent WG—C should recommend
that certain procedures be implemented directly by the Surveillance
Subcommittee to ensure external data assurance rather than have
direct interaction between WG—C and the jurisdictions participating
in both DQS and SS to encourage the adoption of certian principles
for Internal control.
DATA MANAGEMENT WORK GROUP (WORK GROUP D)
The Data Management Work Group of the Data Quality Subcommittee met once
during the year.
The major item of business at the meeting was a review of the data
management systems currently in use by the various agencies.
Different U.S.
agencies use E.P.A.'s STORET system in varying degreesfor their internal
need
s, b
ut i
n ge
nera
l th
ey p
ut t
heir
data
into
STOR
ET w
ith
the
resu
lt t
hat
the
data
can
be
acc
ess
ed
by
othe
r a
genc
ies
havi
ng
inte
ract
ive
term
inal
s. Data is
Sto
red
by
sta
tio
ns
and
may
be
acce
ssed
by
spec
ifyi
ng
stat
ions
on
a ge
ogra
phic
al
area.
Env
iro
nme
nt
Can
ada
's
NAQ
UAD
AT
sys
tem
is
sim
ila
r t
o S
TOR
ET,
but
at
pre
sen
t
only limited Ontario provincial d
ata
is
sto
red
;
mos
t
dat
a
sto
red
is
gen
era
ted
Pr
ov
is
io
n
fo
r
ac
ce
ss
by
in
te
ra
ct
iv
e
te
rm
in
al
s
is
le
ss
by federal agencies.
extensive than with STORET.
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 Neither
CCIW'S
STAR—EROS
system
not
the
Ontario
MOE
SIS
system
provides
time
sharing
data
communications
capabilities.
Unlike
the
other
systems,
data
storage
in
the
STAR
system
is
cruise
oriented,
which
presents
special
problems
in
combining
or
relating
the
data
to
data
stored
by
sampling
station.
A
beginning
has
been
made
at
determining
what
form
an
IJC
data
system
should
take.
Agencies
sometimes
have
need for
data
obtained
by
another
agency,
but
it
must
be
machine
readable
in
their
own
format
so
that
their
personnel
can
use
the
software
with
which
they
are
familiar.
Some
conversion
programs
have
been
written
or
are
being
written
for
this
purpose;
STORET
data
can
be
put
into
NAQUADAT
and
STAR,
and
some
STAR
data
has
been
put
into
STORET.
In
order
to
estimate
loadings,
water
quantity
data
is
required,
and
the
data
available
in
time
for
annual
report
preparation
is
provisional.
It
was
suggested
to
the
Surveillance
Subcommittee
that
the
Regional
Office
might
obtain
this
information
for
the
agencies,
but
it
was
decided
that
since
stream
flow
data
is
generated
by
cooperative
federal—provincial
or
federal—state
programs
it
would
be
easier
for
the
agencies
to
acquire
the
data
themselves.
The
question
of
data
verification
procedures
to
assure
that
arithmetic
and
clerical
errors
are
minimized
has
also
been
addressed.
The
use
of
micro—
computers
to
directly
calculate
concentrations
and
input
data
into
data
systems
appears
most
promising
in
this
regard,
and
the
Work
Group
will
pursue
this
matter further.
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